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ABSTRACT
W i l l i s ,  Gear ld  F . , M.S.,  S p r in g ,  1978 Geology
Geology o f  the  Birch Creek Molybdenite Prospec t  Beaverhead 
County,  Montana
D i r e c to r :  Ian Lange
The Birch Creek molybdeni te  p ro sp ec t  i s  near th e  c e n t e r  o f  t h e  
P ioneer  b a t h o l i t h  o f  sou thwes te rn  Montana. B i o t i t e  g r a n o d i o r i t e  
i s  th e  major rock v a r i e t y  w i th in  the  mapped a re a .  Lesse r  amounts 
o f  m af ic -poor  g r a n i t e  a l s o  occu r .  Numerous co n to r ted  a p l i t e  and 
pegm at i te  d ikes  c u t  the  b i o t i t e  g r a n o d i o r i t e ,  along with  a few 
n o r t h e a s t  t r e n d in g  l a t e  b a s a l t  d i k e s .  Small q u a r t z - f e l d s p a r  
porphyry masses a l s o  c u t  the  g r a n o d i o r i t e  in the  v i c i n i t y  o f  
Pear Lake. These porphyry masses may be r e l a t e d  in space and t ime 
to  an i n t r u s i v e  b re c c ia  p ipe  l o c a t ed  along the western  edge o f  the  
a r e a ,  bu t  t h i s  i s  a s u b j e c t  o f  s p e c u la t i o n .  Molybdenite with 
minor c h a l c o p y r i t e  and g a le n a ,  a r e  s p a r s e ,  accompanying n o r t h e a s t  
t r e n d in g  massive q u a r t z  v e in s .  These ve ins  fo l low  the n o r t h e a s t  
s t r u c t u r a l  t r e n d  re p re se n te d  by f a u l t s ,  j o i n t s ,  and small 
f r a c t u r e s .  Hydrothermal a l t e r a t i o n  i s  c on f ined ,  fo r  the  most p a r t ,  
to  narrow envelopes  away from th e  q u a r t z  ve in s .  The a l t e r a t i o n  
c o n s i s t s  o f  a p h y l l i c  or s e r i c i t i c  zone,  in  c o n ta c t  wi th  th e  q u a r t z ,  
which grades  outward i n to  a weak in te rm e d ia te  a r g i l l i e  zone and 
f r e s h  rock .  The reasons  f o r  sp a rce  molybdenite m i n e r a l i z a t i o n  i s  
open to  s p e c u l a t i o n .  Perhaps a bur ied  i n t r u s i o n ,  r e p re se n te d  by 
the  i n t r u s i v e  b re c c ia  and q u a r t z - f e l d s p a r  porphyry,  c o n t r o l l e d  
m i n e r a l i z a t i o n ,  which has y e t  to  be d iscove red .  I t  i s  a l s o  p o s s i b l e  
t h a t  t h e r e  was l i t t l e  molybdenum f r a c t i o n a t e d  in  the magma so u rce ,  
r e s u l t i n g  in  weak molybdenite  m i n e r a l i z a t i o n .
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CHAPTER I 
INTRODUCTION
The purpose of  t h i s  s tudy i s  to  p rov ide  a d e t a i l e d  geo log ic  
ou tc rop  map o f  a m in e ra l iz ed  10 square  k i lom e te r  area  in th e  P ioneer  
Mountains o f  southwes tern  Montana. The map ( p l a t e  1) ,  a t  a s c a l e  o f  
1 cm to  50 m, in c ludes  rock ty p e s ,  s t r u c t u r e ,  a l t e r a t i o n ,  and m ine ra l i  
z a t i o n .  The da ta  was used to  develop a model of  m i n e r a l i z a t i o n ,  a l ­
t e r a t i o n ,  ore  g e n e s i s ,  and the  economic p o t e n t i a l  of  the  Birch Creek 
p ro s p e c t .
The molybdeni te  p ro sp e c t  i s  in  a l a rg e  c i rq u e  a t  th e  headwaters 
o f  Birch Creek (F ig .  1) nor th  o f  Tent  Mountain and south o f  Torrey 
Mountain.  The Apex e x i t  from i n t e r s t a t e  15, approximate ly  19 km 
no r th  o f  D i l lon  leads  to  the  d e p o s i t .  The l a s t  8 km of th e  road 
beyond Dinner S t a t i o n  campground r e q u i r e s  a 4-wheel d r iv e  v e h i c l e .
The a rea  i s  a c c e s s i b l e  only  dur ing  the  summer months.
Map
Area
M issoula
■Apex
g D lllo n
F ig u re  1 -  G en era lized  lo c a t io n  map o f  s tu d y  a re a .
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CHAPTER II 
PHYSIOGRAPHY AND PRESENT TOPOGRAPHY
High rugged mountains and g l a c i a t e d  v a l l e y s  dominate the  p r o s p e c t  
a rea .  E l e v a t io n s  range from 2316 meters (7720 f t . )  In the  extreme 
e a s t ,  where Birch  Creek leaves th e  a r e a ,  t o  3132 meters (10,440 f t . )  
a t  th e  top  o f  Highboy Mountain, west  o f  Pear  Lake. Torrey Mountain,  
one o f  th e  h i g h e s t  In the Pioneer Mountains a t  3344 m ete rs ,  (11 ,147 f t . )  
f lanks  th e  a re a  t o  the  nor th .
A s e r i e s  o f  lakes  s c a t t e r e d  th roughout  th e  p ro sp e c t  form th e  head­
waters  o f  Birch Creek. The lakes  a r e  g l a c i a l ,  bu t  were dammed in  the  
e a r l y  1900 's t o  Inc rease  t h e i r  c a p a c i t y  f o r  I r r i g a t i o n  o f  farm land 
below. P a t t e e  (1960) r epo r ted  annual p r e c i p i t a t i o n ,  fo r  s e l e c t e d  
areas  In th e  Torrey  Mountain b a t h o l i t h ,  ranges  from 38 to  50 cm (15 
to  20 I n . ) .  Geach (1972) r e f e r s  to  th e  mountainous reg ions  as subhumid 
and r e p o r t s  t h a t  nearby lowland a reas  o f  Apex and Argenta have 23 and 
25 cm (9 .1 3  and 10.03 I n . )  per y e a r  r e s p e c t i v e l y .
According to  Alden (1953),  t h e  Wisconsin age g l a c i e r  t h a t  f i l l e d  
the Birch Creek v a l le y  was 9 miles (14 .4  km) long. The g l a c i e r  headed 
In the  l a r g e  c i rq u e s  above the  Birch Creek lakes  and west o f  Torrey 
Mountain. The l a rg e  te rminal moraine o f  t h i s  g l a c i a l  advance Is  
c rossed  by th e  Birch Creek road n e a r  where the road branches  above the 
ranger  s t a t i o n .  Evidence a l so  e x i s t s  f o r  an e a r l i e r  g l a c i a l  s t a g e  t h a t  
extended f u r t h e r  down the v a l le y .
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G la c ia l  a c t i o n  in the  f l o o r  of  the  Birch Creek c i rq u e  carved a 
s e r i e s  o f  t h r e e  s t e p s ,  severa l  hundred meters  h igh ,  on which Tub, 
Anchor,  P ea r ,  May, and Boot Lakes r e s t .  The m a jo r i t y  o f  the  f l o o r  
below th e s e  s t e p s  i s  obscured by u n d i f f e r e n t i a t e d  g l a c i a l  d r i f t  and 
morainal d e p o s i t s .
The a r c u a t e ,  southwest  shore  o f  Chan Lake i s  formed by the  
te rminus  o f  a l a r g e ,  a c t i v e  rock g l a c i e r .  Assuming the rock g l a c i e r  
i s  i c e  c o re d ,  much o f  the  water  in  Chan Lake i s  de r ived  from the  
g l a c i e r  and i s  r i c h  in  rock f l o u r .  Boulders and t a l u s  feed ing  th e  rock 
g l a c i e r  a r e  s p e l l i n g  from the  small c i r q u e  to  th e  southwest  o f  th e  lake  
Great amounts o f  t a l u s  and p ro t a lu s  occur a t  th e  f o o t  o f  the  l a rg e  
ba r ren  rock ou tc rops  a l s o .
CHAPTER I I I  
REGIONAL GEOLOGY
General Aspects
Reconnaissance geology of  t h i s  p o r t i o n  of th e  Pioneer Mountains 
and surrounding  a rea  was done by Myers (1952),  in his s tudy  o f  th e  
nor thwes t  q u a r t e r  of the  W i l l i s  quadrangle  and ad jac e n t  Brown's Lake 
a r e a .  P a t t e e  (1960) publ ished  a g e n e r a l i z e d  geologic  map, adapted 
from th e  geo log ic  map of  Montana (Ross e t  a l . ,  1955), showing th e  
Mount Torrey b a t h o l i t h  (o therw ise  known as the  Pioneer b a t h o l i t h ) ,  
in h i s  s tudy  of  the  tungs ten  d e p o s i t s  r e l a t e d  to  the  b a t h o l i t h  
(F ig .  2 ) .  According to  Myers (1952) ,  the  reg ion  con ta ins  sed imentary  
and metamorphic rocks ranging from Precambrian to  Recent,  w i th  th e  
i n t e r v a l  between upper Cambrian and upper Devonian r e p re se n t in g  a 
pe r iod  o f  n o n -depos i t ion .  Many o f  th e  sedim enta ry  rocks have been 
c o n t a c t  metamorphosed by the  b a t h o l i t h .
The sedimentary  rocks to  th e  e a s t  and so u th e a s t  of  th e  b a t h o l i t h  
have been p e r i o d i c a l l y  su b jec ted  to  e x te n s iv e  fo ld ing  and f a u l t i n g ,  
from l a t e  Precambrian to  m id - T e r t i a ry  t im es .  These s t r u c t u r e s  fo l low  
a well  d e f in e d ,  nor th  to  n o r t h - n o r t h e a s t  t r e n d .  Fau l ts  d ip  s t e e p l y  to  
the  e a s t  and fo ld s  a re  over tu rned  to  th e  e a s t .  The n o r th -n o r th w e s t  
t r e n d in g  Kelley t h r u s t ,  near Dyce Creek, i s  the  dominant s t r u c t u r e
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Precam brian sedim ents and metamorphics 
F a u lt
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th e  U .S.G .S. geo lo g ic  map o f  Montana 
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in  the  reg ion  and i s  p a r a l l e l e d  by numerous sm al le r  t h r u s t s  making 
up a 3 km wide zone (F ig .  2 ) .  The Kelly t h r u s t ,  which d ips  t o  the  
w est ,  has moved Precambrian q u a r t z i t e s  over Pa leozoic  and Mesozoic 
rocks .  Sm al le r ,  s t e e p l y  d ipping  normal f a u l t s  o f  T e r t i a r y  age occur 
a t  ob l ique  ang les  to  th e  t h r u s t  f a u l t s .  Two le ss  dominant,  but im­
p o r t a n t ,  s t r u c t u r a l  f e a t u r e s  t h a t  occur in  the  a rea  a r e  th e  Humboldt 
Mountain a n t i c l i n e  between Birch and R a t t l e sn ak e  Creeks and th e  Ermont 
t h r u s t  west  o f  R a t t l e s n a k e  Creek (F ig .  2 ) .
According to  Zen and o th e r s  (1972) ,  f i v e  types  o f  i n t r u s i v e  rocks
make up the  Pioneer  b a t h o l i t h .  These range from quar tz  d i o r i t e  to  
g r a n i t e ,  with  the  v o lu m e t r i c a l l y  most im por tant body being a c o a r s e ­
gra ined  b i o t i t e - h o r n b l e n d e  g r a n i t e  ( S t r e c k e i s e n ,  1973 lUGS c l a s s i f i c a ­
t i o n ) .  Chemical d a ta  f o r  th e se  5 rock types  appears in Table  1. 
Potassium-argon d a te s  i n d i c a t e  a l l  bu t the  qua r tz  d i o r i t e  were in t ruded  
about 70 m.y. ago. This c o n f l i c t s  with  Myers (1952) who b e l iev ed  the  
i n t r u s i o n  occur red  dur ing  the  i n t e r v a l  between the  e x t ru s io n  o f  the  
Pal eocene and Oligocene vo lcan ic  rocks o f  th e  a r e a .  Other  i n t r u s i v e  
rocks  inc lude  s i l l - l i k e  a n d é s i t e  porphyry masses and l a t i t e  porphyry s i l l s
Ex t rus ive  rocks  began accumula ting in the  l a t e  J u r a s s i c ,  as evidenced
by the  s i l i c i c  lava  and a n d e s i t i c  p y r o c l a s t i c  rocks in th e  Morrison f o r ­
mation.  Much v o lcan ic  d e b r i s  i s  observed th roughout th e  post-Kootenai 
Cretaceous sed im ents .  A l te red  t r a c h y t i c  t u f f s  and a n d é s i t e  agglomerate  
and flows a re  exposed beneath one o f  the  t h r u s t  p l a t e s .  In a d d i t i o n ,  
r h y o l i t i c  and b a s a l t i c  lavas  o f  Oligocene age occur in th e  s o u th ea s te r n  
f o o t h i l l s .  None of  the se  e x t r u s i v e  sequences i s  very e x t e n s iv e .
Table 1. K-Ar Ages, A n a ly t ica l  Data,  and Geographic Location 
o f  Samples from Vipond Park Quadrangle,  Montana
Rock type . Location Analyzed KgO
(moles/g)
Ar40* Age (m.y.)
f i e l d  no. ( l a t  N . , minera ls
(%) 40
H: 2
long W.) t o t a l  Ar "
-10
Quartz d i o r i t e 45°35'36" B i o t i t e 8.93 9.496 X 10 .95 71.0 + 2.4
DR 112°57'10"
Hornblende
8.87 -10
Kiokirk Mtn. 0.887 1.021 X 10 0.86 76.5 + 2.1
0.887 1.028 X 10" 2
9.888 X 10’ n
9.888 X 1 0 " 'U
0.65 77.0 + 2.2+
Porphyri t i c 45*35'18" B i o t i t e 9.40 0.90 69.9 = 2.4
g r a n o d i o r i t e 112*56'55" 9.42
BH 9850 Barbour Hill
0.915
0.915
-10Hornblende 0.9243 X 10 
-10
0.81 67.2 + 1.9
Coarse g r a n i t e 45*35'14" Bioti  te 9.30 9.886 X 10 0.90 70.6 + 2.4
BHS 112*56'55"
South Barbour Hil l
9.32
-10
T o n a l i t e 45*31'15" B i o t i t e 9.12 9.712 X 10 0.94 71.0 + 2.7
IVP 112*50'20"
N. Lake Agnes
9.08
-10Hornblende 0.627
0.627
0.6405 X 10
-10
0.80 68.0 + 1.9
P o r p h y r i t i c 45*25'0" Bio ti  te 8.77 9.049 X 10 0.93 68.8 + 2.3
g ranod io r i  t e 112*51'12" 8.73
BC Lower Birch Creek
(00
Mining D i s t r i c t s
Severa l  small mining d i s t r i c t s  a r e  s c a t t e r e d  around the  edge o f  
the  Pioneer  b a t h o l i t h  and i t s  r e l a t e d  i n t r u s i v e s .  The ore  d e p o s i t s  
o f  the  Bannack, Blue Wing, Argenta ,  Hecla ,  U top ia ,  Lost Creek, and the  
Bald Mountain-Vipond d i s t r i c t s  (F ig .  3 ) ,  provided Montana with  much 
of  i t s  mineral  wealth  from the  l a t e  1800's  to  e a r l y  1940 's .  Most 
mines o f  th e  a rea  were c losed  due to  lack  of  o re  and c o s t  o f  p roduc t ion .  
Renewed i n t e r e s t  was shown in th e  c o n tac t  a r e a s  around th e  b a t h o l i t h  
in  the  1950 's ,  with  new and old p rospec ts  eva lua ted  f o r  t h e i r  tungs ten  
p o t e n t i a l  ( P a t t e e ,  1960).
Most o f  th e  p roduc t ion  in  th e  a rea  was from the lead and s i l v e r  
d e p o s i t s  o f  the  Argenta  d i s t r i c t ,  with  minor go ld ,  z i n c ,  and copper .
The Utopia d i s t r i c t ,  on lower Birch Creek, produced a small amount o f  
copper .  The m a jo r i t y  o f  the  o t h e r  d i s t r i c t s  produced some combination 
o f  l e a d ,  s i l v e r ,  copper ,  and z i n c ,  along wi th  the  l a t e r  tungs ten  p ro ­
duc t ion  (Myers, 1952).  These d e p o s i t s  occur as replacement bodies in 
Pa leozo ic  sediments surrounding  th e  g r a n i t i c  i n t r u s i v e s .  No one f o r ­
mation i s  favored over a n o th e r ,  as seen by the  f a c t  t h a t  o re  i s  found 
in rocks ranging from th e  Til  den l im es tone ,  to  th e  Three Forks d o lom i t ic  
s h a l e ,  to  the  F la thead  q u a r t z i t e .  The geology o f  the se  d e p o s i t s  was 
s tu d ie d  by Winchell (1914) ,  Shenon (1931),  Karlstrom (1948) ,  Myers 
(1952),  and P a t t e e  (1960) .  A Compilation o f  a l l  ore d e p o s i t s  in 
Beaverhead County was done by Geach (1972).
Vipond D i s t r i c t
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Most o f  th e  m i n e r a l i z a t i o n  occurs  along s t r u c t u r e s  formed by 
in t r u s i o n  of  th e  b a t h o l i t h .  Ore bear ing f l u i d s ,  accompanying the  
i n t r u s i o n s ,  spread  ou t  along th e  c o n tac t s  with the  surround ing  
sediments  and d e p o s i t ed  the  m ine ra ls  in  r e c e p t iv e  beds and along 
f r a c t u r e s .  No d e f i n i t e  m in e ra lo g ica l  t rend  i s  obvious from one end 
o f  the  reg ion  to  th e  o th e r .  The only s i m i l a r i t y  between th e  Birch 
Creek p r o s p e c t ,  which l i e s  well w i th in  the  b a t h o l i t h ,  and th e s e  
d i s t r i c t s  i s  t h a t  th e  m in e ra l i z in g  f l u i d s  may be r e l a t e d  to  t h e  i n ­
t r u s i o n  o f  the  b a t h o l i t h  and i t s  r e l a t e d  i n t r u s i v e s .  The p ro s p e c t  
does l i e  along the  s o u th e a s t  edge o f  the  molybdenum b e l t  proposed by 
Armstrong and o t h e r s  (1978).
Previous work w i th in  the  p ro sp e c t  a rea  has not been e x t e n s i v e .  
P a t t e e  (1960) s t a t e s  t h a t  tungs ten  m in e ra l s  were r e p o r te d  on the  
Blackmore p r o s p e c t ,  nor th  o f  Pear Lake, bu t  h i s  i n v e s t i g a t i o n  o f  th e  
a rea  revea led  no m i n e r a l i z a t i o n .  In a r e p o r t  on molybdenum d e p o s i t s  
in  the  United S t a t e s ,  Kirkemo and o th e r s  (1965) ,  mention a molybdenite  
occur rence  on th e  Monaghan p r o s p e c t ,  a l s o  nor th  o f  Pear Lake. At one 
p o i n t ,  one or  more persons  have a ttempted  to  ob ta in  p a t e n t s  on seve ra l  
c la ims in  the  a rea  and b ra s s -c a p  monuments a r e  s c a t t e r e d  th roughou t  the  
a r e a .  Assessment work has lapsed  on a l l  previous  c la ims r e n d e r in g  
them i n v a l i d .
CHAPTER IV
LOCALGEOLOGY 
Igneous Rocks
B i o t i t e  Granod io r i te
B i o t i t e  g r a n o d i o r i t e  i s  th e  major rock type in the  a r e a .  This 
i s  th e  b i o t i t e  q u a r t z  monzonite o f  Myers (1954) and b i o t i t e  g r a n i t e  
o f  Kirkemo and o th e r s  (1965).  The name b i o t i t e  g r a n o d io r i t e  i s  in  
accordance wi th  the  lUGS c l a s s i f i c a t i o n  o f  S t r ec k e i se n  (1973) .  All 
o th e r  igneous rock types  in  th e  a rea  i n t r u d e d  t h i s  g r a n o d io r i t e  ( P l a t e  2, 
p o c k e t ) .
Genera l ly ,  the  rock has a medium-grained g r a n i t i c  t e x t u r e  ( P l a t e  3).  
Exceptions  e x i s t  in  th e  nor thwest co rne r  o f  the  a r e a ,  where the  grano­
d i o r i t e  i s  s l i g h t l y  p o r p h y r i t i c ,  and on th e  r id g e  south o f  Boot Lake, 
where i t  i s  extremely  f i n e - g r a i n e d .  The excep t ions  cover only  a 
small a rea  compared to  the  t o t a l  mass o f  the  g ra n o d io r i t e  and no evidence 
has been observed to  sugges t  they be long to  d i f f e r e n t  i n t r u s i o n s .  These 
d e v ia t io n s  grade i n to  the  medium-grained, major phase. Numerous f o o t b a l l - 
shaped x e n o l i th s  and some flow banding o r  s c h l i e r e n  occur  in  t h e  a rea  south 
o f  Pear  Lake and the  r idges  on e i t h e r  s id e  o f  Tent Mountain.
The g ra n o d io r i t e  co n ta in s  abundant subhedral  p l a g i o c l a s e s ,  which 
e x h i b i t  both normal and o s c i l l a t o r y  zoning as well as c a r l s b a d  and a l b i t e  
twinning (Table 2).  The p l a g i o c l a s e  composi t ion ranges from o l i g o c l a s e
(^^ 2 5 ) andesine  (An^g). Euhedral to  subhedral  hornblende
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Table 2. Mineral percentages  in major rock types
Minerals
B i o t i t e
G ran o d io r i t e
Oldes t
Gran i te
A p l i te
d ikes
Pegmatite
d ikes
Q u a r tz - f e ld sp a r  Basa l t  
Porphyry (pheno- d ikes  
c r y s t s )  Youngest
Quartz 30% 35% 35% 55% 15% -  -
P la g io c la se 40% 30% 12% ------ 30% 75%
K-spar 15% 30% 50% 40% 10% -  -
B i o t i t e 10% 2% 1% 5% 5% ------
Hornblende 3% Tr Tr — 1%
Pyroxene -  - -  - -  — 15%
Magnetite Tr Tr 1% — Tr 2%
A p a t i t e Tr Tr — Tr Tr
Sphene Tr ------ Tr — Tr ------
R u t i l e — ------ — — Tr Tr
P y r i t e Tr Tr — -  - — —
C h lo r i t e Tr Tr — — Tr -  -
Others
(Muse. Limoni t e ,  
C a l c i t e ,  Ep.) 1% 2% 1% — 28% Ground- 7% 
mass
w
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and b i o t i t e ,  along with  rounded q u a r tz  a re  p o i k i 1i t i c a l l y  inc luded  in  
some g r a i n s .  The p l a g io c l a s e  i s  u n a l t e r e d .
Quartz  occurs  as a n h ed r a l ,  i n t e r s t i t i a l  g r a i n s ,  between 
p l a g i o c l a s e ,  a l k a l i  f e l d s p a r ,  and b i o t i t e  (Table 2 ) .  Hornblende and 
b i o t i t e  a r e  p o i k i l i t i c a l l y  inc luded  in  the  q u a r t z .  Myrmekite forms 
where q u a r t z  and p la g io c l a s e  a r e  in c o n t a c t .  Much o f  th e  q u a r t z  shows 
undulose  e x t i n c t i o n .
M i c r o p e r t h i t i c  o r th o c l a s e  occurs  as l a r g e ,  anhedral  g ra in s  which 
p o i k i l i t i c a l l y  inc lude  a l l  o th e r  m in e ra l s .  The inc luded  g ra in s  show 
b e t t e r  c r y s t a l  form, ranging from euhedral  to  su b h ed ra l ,  and a re  sm a l le r  
than th e  same m ine ra ls  in th e  main body of  the  rock .  According to 
Hyndman (1972) ,  i n c lu s io n  o f  small c r y s t a l s ,  l i k e  those  in  the  ground- 
mass, in  potassium f e ld s p a r s  i s  q u i t e  common. Such p o i k i l l  t i c  i n ­
c lu s i o n s  may be the  r e s u l t  o f  l a t e  magmatic growth o f  th e  f e l d s p a r  
and rep lacement  o f  surrounding  g ra in s  (Hyndman, 1968),  o r  normal growth 
of  potass ium Veldspar in the  magma (Hibbard,  1965).
The most s t r i k i n g  c h a r a c t e r i s t i c  o f  the  g r a n o d i o r i t e  i s  i t s  b i o t i t e  
c o n te n t  (Table 2 ) ,  which g ives  the  rock a d i s t i n c t i v e  s a l t  and pepper 
appearance .  Most g ra in s  occur as subhedral  to  a n h e d r a l ,  ragged ,  brown 
f l a k e s .  A very  small po r t io n  o f  the  b i o t i t e  i s  a d i r e c t  r e s u l t  o f  horn­
blende a l t e r a t i o n .  Sphene and subhedral  m agnet i te  a r e  a r ranged  
p r e f e r e n t i a l l y  a long c leavage in  the  b i o t i t e .
Euhedral to  anhedral  green hornblende,  s l i g h t l y - o x i d i z e d  m ag n e t i t e ,  
and sphene occur as a c c e s s o r i e s  throughout the  rock.  Sphene occurs
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as la rg e  in d iv id u a l  g ra in s  n e a r  b i o t i t e  and i s  more abundant  in  the  
g r a n o d i o r i t e  than in  any o f  th e  o t h e r  rocks examined.
In the  p o r p h y r i t i c  phase o f  th e  g r a n o d i o r i t e ,  the  mineralogy i s  
e s s e n t i a l l y  the  same. P l a g i o c l a s e ,  q u a r t z ,  and o r th o c la se  a l l  form 
euhedral  p h en o c ry s t s .  Phenocrys ts  range from 5 to  10 mm in  len g th  and 
comprise 3 to  5 p e r c e n t  o f  th e  rock. Size  and composit ion o f  th e  ground- 
mass i s  s i m i l a r  to  th e  n o n - p o r p h y r i t i c  phase .
The f i n e - g r a i n e d  v a r i e t y  has s i m i l a r  minera logy, w i th  a few ex ce p t io n s  
M icroc l ine ,  w i th  i t s  d i s t i n c t i v e  t a r t a n  tw inn ing ,  occurs in  p lace  o f  o r ­
th o c la se  and in  sm a l le r  amounts. B i o t i t e  and p l a g io c l a s e  a re  more 
abundant .  C h l o r i t e  and e p i d o t e  a re  p r e s e n t  as a l t e r a t i o n  products  
o f  b i o t i t e  and hornblende.  P l a g io c l a s e  g ra in s  clump to g e th e r  
in  r a r e  i n s t a n c e s  to  form l a rg e  a g g reg a te s .  Grain s i z e s  in  t h i s  phase 
a re  n e a r ly  h a l f  o f  what they  a r e  f o r  each r e s p e c t i v e  mineral  in  the  
c o a r s e r  v a r i e t y .
The m ine ra log ica l  composi t ion o f  the  x e n o l i th s  w i th in  the  grano­
d i o r i t e ,  puts  them in  the  hornblende q u a r t z  d i o r i t e  f i e l d  ( S t r e c k h e i s e n ,  
1973).  Hornblende makes up about 21 p e r c e n t  o f  the  x e n o l i t h .  P l a g i o ­
c l a s e  (An2 5 -An2 g) i s  very abundant (62%) as c o a r s e ,  subhedra l  g ra in s .  
B i o t i t e  "peppers" the  x e n o l i th s  and i s  inc luded  p o i k i l i t i c a l l y  along 
with  ho rnb lende ,  w i th in  p l a g i o c l a s e .  Elongate  g ra ins  show crude l i n e a -  
t i o n ,  probably  due to a lignment dur ing  flow w i th in  the s t i l l  p l a s t i c  mass.
Hornblende and b i o t i t e  c o n te n t  in the  flow bands i n c r e a s e s  toward 
the  base o f  th e  band where they  become the  dominant m ine ra ls  in  the  rock .
P la t e  3 -Photomicrograph o f  b i o t i t e  g r a n o d io r i t e .
¥
P la te  4-Photomicrograph o f  g ra n i t e .
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The bands have abrup t  con tac t s  a t  th e  base and a r e  g rad a t io n a l  upward; 
they resemble  the  c r y s t a l - s e t t i n g  accumulations  found in  mafic l a y e r ed  
i n t r u s i o n s  (F ig .  4 ).
P la ty  m ine ra ls  in  a magma tend to  o r i e n t  themselves w i th  t h e i r  
l a r g e s t  face  p a r a l l e l  to the flow o f  the  magma ( B i l l i n g s ,  1972).  This  
ex p la in s  the  p a r a l l e l  na tu re  o f  th e  hornblende and b i o t i t e  in the  flow 
bands.  The in c re a s e d  percentage  o f  th e se  p a r a l l e l  m ine ra ls  i s  due perhaps ,  
to  s e t t l i n g  o f  the  mafic minera ls  as they  c r y s t a l l i z e .  This may be a 
r e s u l t  o f  d e n s i t y  d i f f e r e n c e s  between mafic ,  and l e s s  dense f e l s i c  
m ine ra ls  o c c u r r in g  in  the  upper p a r t s  o f  the  bands.  As flow co n t inues  
mafic s e t t l i n g  a l so  co n t in u es ,  to  th e  p o in t  where they a r e  dominant a t  
the  base o f  the  bands.  This p rocess  would occur assuming an ex tremely  
low v i s c o s i t y  in  the  magma.
South o f  Pear Lake, a  s l i g h t l y  b r e c c i a t e d  zone occurs  in a f a i r l y  
l a r g e ,  a l t e r e d  ou tc rop .  Small a n g u la r  fragments a r e  d i s p la c e d  a few 
m i l l i m e t e r s  and a mixture o f  more mafic minera ls  and f e l d s p a r s  f i l l  the  
space between them (F ig .  5).  The dark m in e ra l s ,  in  p a r t i c u l a r ,  show 
f o l i a t i o n  around th e  fragments .  This b re c c ia  probably formed as p l a s t i c  
movement ru p tu r ed  the coo l ing  b i o t i t e  g r a n o d i o r i t e .  This  ag rees  w i th  the 
concept o f  p l a s t i c  f low proposed in  the  format ion o f  broken and o f f s e t  
a p l i t e  d ikes  in the  a r e a .
Gran i te
A very l a r g e ,  massive g r a n i t e  outcrop  occurs to the  no r thw es t  and 
a d j a c e n t  to  Boot Lake. A few s c a t t e r e d  outc rops  a l so  occur  to  the  e a s t .
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F igure-4 -  Hand sample showing inc reased  mafic con ten t
toward base o f  the  flow band and resemblance to c r y s t a l  s e t t l i n g
F ig u r e - 5 -  Flow brecc ia  with mafics f i l l i n g  space around 
fragments .
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near  the  access  road which c ro s se s  Birch Creek. The g r a n i t e  i s  poor ly  
j o i n t e d  and has been rounded and p o l i sh e d  by g l a c i a l  a c t i o n .  Glacia l  
d e b r i s  covers the  b i o t i t e  g r a n o d i o r i t e  c o n t a c t .  There i s  no t  enough 
evidence  to  i n d i c a t e  whether  t h i s  g r a n i t e  i s  a phase o f  the  g r a n o d i o r i t e  
o r  a s ep a ra te  p lu ton .
The g r a n i t e  i s  medium to  f i n e - g r a i n e d  and s l i g h t l y  p o r p h y r i t i c  
( P l a t e  4 ) .  The l i g h t  c o l o r  d i s t i n g u i s h e s  i t  from the  b i o t i t e  grano­
d i o r i t e  in ou tc rop .  The rock i s  composed o f  q u a r t z ,  o r t h o c l a s e ,  and 
o l i g o c l a s e  in subequal amounts.
Quartz i s  rounded and o f t e n  i n t e r s t i t i a l  between f e l d s p a r  (Table 2).
In some cases  i t  has invaded th e  f e l d s p a r  g ra in s .  All g ra in s  observed  
show undulose e x t i n c t i o n .  Grains a re  .5  to  1 mm in d iameter .  A few 4 
to  7 mm phenocrysts  a re  s c a t t e r e d  th roughout .
Orthoc lase  i s  g e n e r a l ly  subhedral  and s l i g h t l y  p e r t h i t i c .  Many 
g ra in s  a re  c racked ,  wi th  f i n e - g r a i n e d  s e r i c i t e  and c lay  m in e ra l s  forming 
a long  the  open space.  These s p a c e - f i l l i n g  minera ls  probably  occur  as a 
r e s u l t  o f  weather ing  along c r a c k s .  Most o f  th e  o r th o c la se  in th e  
p o r p h y r i t i c  po r t io n  o f  t h i s  rock has th e  same composit ion.
Many o f  the  subhedral  p l a g io c l a s e  g ra in s  e x h i b i t  normal o r  o s c i l l a ­
to ry  zoning, as well as c a r l sb a d  and a l b i t e  twinning (Table 2 ) .  The 
p l a g i o c l a s e  composit ion ranges  from An£ 5  to  An2 g, well w i th in  the 
o l i g o c l a s e  range.  S e r i c i t e  occurs  a long g ra in  boundaries and c leavage  
p l a n e s .  The s e r i c i t e  i s  q u i t e  c o a r s e - g r a in e d  and may be secondary  muscovite
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Brown b i o t i t e  makes up about 2 p e rc en t  o f  t h e  rock as subhedral  
i n t e r g r o w th s ,  i n t e r s t i t i a l  to  f e ld s p a r s  and q u a r t z .  Magneti te  and 
r u t i l e  a re  p o i k i l i t i c a l l y  enclosed  along c leavage .  B i o t i t e  i s  a l t e r i n g  
to  i ro n  ox ides  a long i t s  borders  to g e th e r  with  a minor amount o f  
c h l o r i t e .  A p a t i t e  and hornblende a re  common a c c e s s o r i e s .
A p l i t e  Dikes
A p l i t e  d ikes  a r e  s c a t t e r e d  th roughout the  a r e a ,  but  th e  m a jo r i ty  
occur in  the  lower e l e v a t i o n s  around Pear and Anchor Lakes.  Outs ide 
o f  t h e se  a reas  th e  a p l i t e  d ikes  occur p r im a r i ly  w i th in  the  boundary 
marked f o r  hydro therm al ly  a l t e r e d ,  i n c i p i e n t  f r a c t u r i n g ,  as shown in  
p l a t e  1 .
The d ikes  a r e  u s u a l l y  sm a l l ,  ranging from 1 or 2 cm up to  20 cm 
in  width .  In r a r e  c a s e s ,  d ikes  a re  up to  a meter in w id th .  These 
l a rg e  d ikes  u s u a l l y  t a p e r  t o  a few cen t im e te rs  w i th in  a mete r o r  two 
along t h e i r  l e n g th .
A com pl ica t ing  f a c t o r  in mapping th e  a p l i t e  d ikes  i s  t h e i r  d i s ­
continuous  n a tu re .  The d ikes  begin and end w i th in  a few m e te r s .  Many 
d ikes  a re  broken, o f f s e t ,  o r  b e n t ,  which sugges ts  p l a s t i c  f low o f  the  
h o s t  rock s h o r t l y  a f t e r  c o n so l id a t io n  o f  th e  d ikes  or implacement o f  
th e  d ike  m a t e r i a l .  The reg ions  between broken and o f f s e t ,  b u t  matching 
p i e c e s ,  have been f i l l e d  with  b i o t i t e  g r a n o d i o r i t e .  In some cases  
d ik e s  come to  an a b ru p t  end wi th  no t r a c e  of  the  matching p i e c e .  Despite  
t h i s ,  th e  c o n ta c t s  o f  the  d ikes  with hos t  rocks a r e  sha rp .  This  i r ­
r e g u l a r  n a tu re  makes i n t e r p r e t a t i o n  of  reg iona l  t rends  d i f f i c u l t .
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The a p l i t e  i s  a l l o t r i o m o r p h i c - g r a n u l a r  o r  simply a p l i t i c .
Grain s i z e s  a r e  v a r i a b l e ,  bu t  most a r e  1 mm o r  l e s s  a c r o s s .  Potassium 
f e l d s p a r  i s  the  dominant m in e ra l ,  comprising up to  50 p e rc en t  o f  the  
rock.  Quar tz ,  showing undulose e x t i n c t i o n ,  i s  th e  next most abundant 
mineral  (Table 2 ) .
P l a g io c l a s e  composit ion ranges  from Angg to  An2 g, as de te rmined by 
f l a t  s t a g e  o p t i c a l  methods ( X, YAOlO). Car lsbad and a l b i t e  twinning 
i s  common. Many g r a in s  con ta in  myrmekitic in te rg row ths  o f  q u a r t z ,  
mainly where in c o n t a c t  with q u a r t z  g r a i n s .  The o l ig o c l a s e  c o n s t i t u t e s  
11  p e rc en t  o f  th e  a p l i t e  d ik e s .
Hornblende,  b i o t i t e ,  muscovi te ,  sphene,  and magnet i te  occur in 
t r a c e  amounts th roughout  the  a p l i t e s .  Hornblende i s  subhedral  and 
o f ten  pseudomorphically  rep laced  by b i o t i t e .  Secondary muscovite appears  
as r a t h e r  l a rg e  f l a k e s  w i th in  f e l d s p a r s ,  probably as an a l t e r a t i o n  
product .
Pegmatite  Dikes
Fewer p eg m at i te ,  than a p l i t e ,  d ikes  occur in  the  a r e a .  They occur 
in the  h ig h e r  e l e v a t i o n s  of  th e  small ind iv id u a l  c i rq u es  and in  the  
lower reg ions  d i r e c t l y  nor th  o f  Tub Lake. The pegm at i t ic  m a te r i a l  
commonly ou tc rops  as a coa t ing  along an exposed s u r face  o r  j o i n t .
The d ikes  a r e  g e n e r a l l y  q u i t e  t h i n ,  ranging up to  about 7 cm in  
width .  An excep t ion  i s  a l a rg e  2 m wide outc rop in  the  c i rq u e  to  the  
nor thwest o f  Tub Lake. Most pegmat i te  d ikes  have not  been s u b je c te d  
to  as much p l a s t i c  deformation  as the  a p l i t e  d ik e s .  Many a r e  ben t  o r
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curved though, sugges t ing  a s i m i l a r  p rocess .  No t rend  i s  observed  in 
the  pegmat i te  d ikes  e i t h e r .  The pegmat ite  o f t e n  grades  i n t o  a p l i t e  
on one s id e  o r  the  o th e r .
The pegmat i te  i s  composed of  l a r g e ,  anhedral  masses o f  milky 
white  q u a r t z  g r a in s  up to  15 cm a c r o s s .  Large p ieces  o f  subhedra l  
to  anhedral  pink o r t h o c l a s e  a re  in  a 1:1 r a t i o  with  quar tz  (Table  2 ) .  
The o r t h o c l a s e  breaks  a long c leavage  a t  t im e s ,  r e v e a l in g  a s l i g h t l y  
p e r t h i t i c  t e x t u r e .  O c cas io n a l ly ,  a small amount o f  coarse  g r a i n e d ,  
subhedral  b i o t i t e  i s  observed between l a r g e r  q u a r tz  and f e l d s p a r  g r a in s
Quartz Fe ldspar  Porphyry
Numerous q u a r t z - f e l d s p a r  porphyry masses crop out in  th e  v i c i n i t y  
of  Pear and Tub Lakes.  The outc rops  have very s inuous ,  but g e n e r a l l y  
smooth c o n t a c t s .  O c c a s io n a l ly ,  a few sm al l ,  a n g u la r  p ieces  o f  w a l l ro c k  
a r e  caught-up in th e  porphyry.  They a r e  never more than a few c e n t i ­
meters  from the  c o n t a c t .  The in c lu s io n s  and the  wall rock  c o n t a c t  show 
no c o n ta c t  a l t e r a t i o n .  Many c o n tac t s  a r e  covered so t h a t  no t  a l l  
c o n ta c t  r e l a t i o n s  can be observed.
The outcrop  p a t t e r n  o f  the  small porphyry i n t r u s i o n s  i s  p r o b l e ­
m a t i c a l .  Many begin and te rm in a te  t o t a l l y  w i th in  a s in g l e  o u tc ro p .
Some o f  the  porphyry bodies  have a roughly  l i n e a r  shape and resemble  
d ik e s ,  bu t  th e  m a jo r i t y  do n o t .  Flay ly ing  d ikes  o f ten  have an i r r e g u ­
l a r  outcrop  p a t t e r n  such as t h i s  but a th ree -d im ens iona l  view o f  t h e se  
ou tc rops  shows n e a r ly  v e r t i c a l  c o n ta c t s  with th e  enclos ing  b i o t i t e
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g r a n o d i o r i t e .  I n t r u s io n  of a c r y s t a l l i n e  mush dur ing  a pe r iod  o f  
p l a s t i c  deformation could a l s o  account  f o r  th e  sinuous form o f  the  
o u tc ro p s .
Another p o s s i b i l i t y  i s  t h a t  th e  q u a r t z - f e l d s p a r  porphyry in t r u d e d  
in i t s  p r e s e n t  form. They may be the  upper ex tens ions  o f  a s t i l l  
d e ep ly -b u r ie d  i n t r u s i v e ,  r ev ea led  by g l a c i a l  a c t i o n .  Other f a c t o r s  
r e l a t i n g  to  format ion o f  an i n t r u s i v e  b re c c ia  in th e  a r e a ,  t o  be d i s ­
cussed l a t e r ,  may a l s o  c o n t r i b u t e  to  a reasonab le  conc lus ion .
The q u a r t z - f e l d s p a r  porphyry i s  g e n e r a l l y  q u i t e  d i s t i n c t i v e  in o u t ­
c rop .  On a weathered s u r fa ce  i t  ranges from l i g h t  gray to  y e l lo w i s h -  
brown. The gray rock has a s l i g h t l y  h ighe r  q u a r t z  con ten t .
This  p o r p h y r i t i c  t e x t u r e  i s  a r e s u l t  o f  two phases o f  c r y s t a l l i ­
z a t i o n  (Hyndman, 1972).  Coarse phenocrysts  a r e  formed a t  a deep leve l  
fo llowed by i n j e c t i o n  to  h ighe r  l e v e l s  with  a decrease  in  p r e s s u r e  and 
development o f  the  f i n e  groundmass.
Phenocrys ts  c o n s t i t u t e  between 45 and 65 p e rc en t  o f  th e  porphyry 
(Table 2 ) .  P l a g io c la se  i s  th e  most abundant phenocrys t ,  bu t not the  
most obv ious ,  comprising 15 to  30 p e rcen t  o f  the  rock ( P la t e  5 a ) .  I t  
occurs  as ind iv id u a l  c r y s t a l s  and as a g g re g a t e s ,  1 to 7 mm in  l e n g t h .  
Phenocrys ts  a r e  euhedral  to  subhedral  and e x h i b i t  o s c i l l a t o r y  zoning as 
well as c a r l sb a d  and a l b i t e  tw inning. The composit ion o f  th e  p l a g i o ­
c l a s e  ranges  from An^g to Ang^; th e  m a jo r i ty  i s  around An2 2 * P l a g i o ­
c l a s e  a l s o  occurs  as t i n y  m i c r o l i t e s  in the  extremely  f i n e  g ra ined  
groundmass.  Ind iv idual  g ra in s  a r e  myrmekitic where in c o n ta c t  with
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P la te  Sa-Photomicrograph o f  euhedral  q ua r tz  and p la g io c la s e  in 
q u a r t z - f e l d s p a r  porphyry.
P l a te  5b-Photomicrograph of  o r th o c l a s e  and quar tz  phenocrysts  in 
q u a r t z - f e l d s p a r  porphyry.
25
q u a r tz .  Phenocrys ts  a r e  s l i g h t l y  s é r i e l t i z e d  along c r y s t a l  boundaries  
and along c leavage  p lanes .
Quartz i s  p r e s e n t  as 1 t o  5 mm wide phenocrys ts  and agg rega te s  
(P la te  5a ) .  The more rounded g ra in s  tend to  bunch to  form l a r g e  ag­
g r e g a te s .  Gra ins  range from euhedral  c r y s t a l s ,  showing l i t t l e  o r  no 
s t r a i n ,  to  rounded b lebs  which show undulose e x t i n c t i o n .  Rounded g ra in s  
appear cracked and corroded. Moorhouse (1959) sugges ts  t h a t  the  
p o s i t io n  o f  th e  q u a r t z - f e l d s p a r  e u t e c t i c  s h i f t s  as a r e s u l t  o f  changes 
in tempera ture  and v o l a t i l e  c o n te n t  in the  f i n a l  s tages  o f  c r y s t a l l i ­
z a t i o n ,  r e s u l t i n g  in  r e s o l u t i o n  and c o r ros ion  o f  qua r tz  g r a i n s .  Cor­
ros ion  i s  a l s o  sugges ted  as the  cause f o r  th e  roundness of  g r a i n s .
Quartz makes up 15 to  20 pe rcen t  o f  the  phenocrys ts  and i s  a l s o  p re s e n t  
as m i c r o l i t e s  in  th e  groundmass.
Giant  p ink ,  euhedral  to  subhedral  o r th o c l a s e  c r y s t a l s  a r e  the  most 
prominent f e a t u r e  o f  th e  p o r p h y r i t i c  rock ( P l a t e  5b).  They range from 
2 to  35 mm in l e n g t h .  The primary m i c r o p e r t h i t i c  t e x t u r e  g iv e s  them a 
spongy appearance .  Grain boundaries  a r e  not  as sharp in  t h i n  s e c t io n  
as they appear  in  handspecimen. Some c r y s t a l s  blend im p e rc ep t ib ly  i n to  
the  groundmass.  The l a r g e r  g ra in s  con ta in  numerous p o i k i l i t i c  i n ­
c lu s ions  o f  s m a l l e r  andes ine  (#^3 2 ) ,  q u a r t z ,  and b i o t i t e .  The inc luded  
p la g io c l a s e  shows c a r l sb a d  and a l b i t e  twinning . All o f  th e s e  g ra in s  
have i r r e g u l a r ,  p i t t e d  o u t l i n e s  where in  c o n tac t  with th e  a l k a l i  
f e l d s p a r .  Inc luded  b i o t i t e ,  in  t u r n ,  con ta in s  in c lu s io n s  o f  m ag ne t i te  
along c leavage .  A few o f  the  inc luded  g ra in s  extend a c r o s s  the
26
boundary between th e  l a rg e  c r y s t a l  and i t s  m a t r ix .  Many o f  the  l a rg e  
c r y s t a l s  a r e  d us ted  with  f i n e - g r a in e d  c l a y s .
Smal le r  a cc e s s o ry  minera ls  a r e  b i o t i t e ,  hornblende,  m a g n e t i t e ,  
a p a t i t e ,  and sphene.  A l t e r a t i o n  of  hornblende  to  b i o t i t e  and o f  
b i o t i t e  to  c h l o r i t e  i s  common. R u t i l e  need les  occur  o r i e n t e d  along 
c leavage in  b i o t i t e .  A s p r in k l in g  of  s e r i c i t e  occurs  in  the  groundmass.
A f a i r l y  l a r g e  pe rcen tage  o f  the  groundmass i s  submicroscopic  and not 
i d e n t i f i a b l e .  I t  probably  c o n s i s t s  o f  a mix ture  o f  the  minera ls  t h a t  
make up th e  p h e n o c ry s t s .
B asa l t  Dikes
Several  l a r g e  b a s a l t  d ikes  crop o u t  n o r th  and nor thwest o f  Anchor 
Lake and on t h e  high r id g e  d i r e c t l y  south  o f  Tub Lake. The r e d d i s h -  
brown d ikes  have a v a r i a b l e  s t r i k e ,  between N50E and N80E and d ip  s t e e p ly  
to  the  n o r th w e s t .  The l a r g e s t  d ike  ou tc rops  d i s c o n t in u o u s ly  f o r  
approximate ly  850 m northwest o f  Anchor Lake. Maximum th ic k n e ss  o f  any 
o f  the  d ikes  i s  2 .5  m.
All d ik e s  have sharp  c o n ta c t s  with  the  w a l l rock .  There i s  l i t t l e ,  
i f  any, c o n t a c t  e f f e c t  on the  w a l l rock  a d j a c e n t  to  the  d ik e s .  S l i g h t  
shear ing  and j o i n t i n g  occur p a r a l l e l  t o  s t r i k e .  This c o n t r i b u t e s  to  
the  p r e f e r e n t i a l  weathering o f  the se  d i k e s ,  which opens d i s t i n c t  l i n e a r  
throughs c u t t i n g  through the  w a l l rock .  The s l i g h t l y  v e s i c u l a r  n a tu re  
of the  b a s a l t  may i n d i c a t e  a shallow depth  o f  emplacement.
The b a s a l t  i s  composed a lmost e n t i r e l y  o f  s u b h ed ra l ,  f e l t e d  p l a g i o ­
c l a s e  l a t h s  in  a nonorien ted  mass of  pyroxene (Table 2 ) .  The p l a g i o c l a s e
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P la t e  6-Photomicrograph of  b a s a l t  dike
A
P la te  7a-Photomicrograph o f  a l b i t e  in o l ig o c la se  g ra in  from 
in t r u s i v e  b recc ia .
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i s  l a b r a d o r i t e  (Ang^) and c o n s t i t u t e s  up to  75 pe rcen t  o f  th e  rock 
( P la t e  6 ) .  The g r a in s  show c a r l sb a d  and a l b i t e  twinning and a r e  no t  
zoned. Much o f  the  p l a g i o c l a s e  has been a l t e r e d ,  in p a r t ,  t o  c a l c i t e ,  
f i n e  s e r i c i t e ,  and f i n e  c l a y s .
A small pe rcen tage  of  the  o r i g i n a l  f r e s h  a u g i t e  remains .  The 
remainder has been a l t e r e d  to  c a l c i t e  and reddish-brown i ro n  ox ides  
which a r e  speckled  th roughout  th e  rock.  A l t e r a t i o n  of  the  a u g i t e  
makes p o s i t i v e  i d e n t i f i c a t i o n  very  d i f f i c u l t .  Trace amounts o f  
magnet i te  a r e  s c a t t e r e d  th roughout  the  rock.
I n t r u s i v e  Breccia
West o f  Pear Lake and southwest o f  Chan Lake i s  an a rea  o f  b re c -  
c i a t i o n  which resembles the  i n t r u s i v e  b recc ia  pipes  d e sc r ib ed  by 
Johnston and Lowell (1961) and Gilmour (1977).  A smal ler  e x te n s io n  of 
the  b re c c ia  c u t s  the  g r a n o d i o r i t e  south  o f  the  main body. These i n ­
t r u s i v e  b re c c ia  outc rops  a re  on the  nor th  and south f l a n k s  o f  Highboy 
Mountain ( P l a t e  1).  The c l i f f  exposure  makes i t  impossib le  to  observe  
the  c o n t a c t  between the  b recc ia  and the  g r a n o d io r i t e  anywhere e x cep t  
along th e  c l i f f - t a l u s  i n t e r f a c e .  Contacts  in th e  lower e l e v a t i o n s  a r e  
covered by the  rock g l a c i e r  and t a l u s .  All o th e r  co n tac t s  a r e  i n f e r r e d  
Observable c o n ta c t s  a r e  q u i t e  sh a rp ,  but may be a r b i t r a r y  where hydro-  
thermal f l u i d s  from the  i n t r u s i v e  b re c c ia  have caused a l t e r a t i o n  o f  the  
g r a n o d i o r i t e .  This p ipe  i s  probably  e q u iv a l e n t  to the  co-hydro thermal 
i n t r u s i v e  b re c c ia s  o f  Bryner (1961) ,  as opposed to p re -h y d ro th e rm a l .
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The b re c c ia  i s  more r e s i s t a n t  t o  weathering  than the  j o i n t e d  rocks 
around i t .  I t  forms a long lo a f - sh ap ed  outcrop in the  lower a r e a s ,  
where the  g r a n o d i o r i t e  has been eroded and covered by t a l u s .  According 
to  Gilmour (1977) ,  i t  i s  common f o r  i n t r u s i v e  b recc ia  p ipes  to  weather  
in r e l i e f .
The genera l  f e a t u r e s  o f  t h i s  p ipe  a r e  e s s e n t i a l l y  th e  same as those  
de sc r ibed  by Gilmour (1977).  The fragments  in the  b recc ia  p ipe  c o n s i s t  
of the  same rocks as th e  w a l l s .  B recc ia ted  b i o t i t e  g r a n o d i o r i t e  
fragments  range from sharp and a n g u la r ,  to  well rounded. The fragments  
a re  poorly  s o r t e d  and range in  s i z e  from rock f l o u r  in th e  m a tr ix  to 
b locks  a mete r o r  more a c r o s s .  The maximum dimensions o f  t h e  m a jo r i t y  
o f  th e  fragments  a r e  about 7 cm. A crude flow banding o r  l i n e a t i o n  i s  
ev id en t  in i s o l a t e d  l o c a l i t i e s .  The fragments  may be very  s i l i c e o u s  
and /o r  s e r i c i t i c ,  whereas th e  country  rocks  are  r e l a t i v e l y  f r e s h  and 
u n a l t e r e d .
Johnston and Lowell (1961) d e s c r ib e  a well def ined  m iné ra log ie  
and p e t r o l o g i c  zon ing ,  from an in n e r  co re  outward in to  the  u n a f f e c t ed  
w a l l rock .  A s i m i l a r  zoning i s  e v id e n t  in t h i s  i n t r u s i v e  b r e c c i a ,  but 
i t  i s  no t  the  symmetrical  zoning they d e sc r ib e .
There a r e  fo u r  rec o g n iza b le  zones moving from west to  e a s t  along 
the  b r e c c i a - t a l u s  i n t e r f a c e ,  above th e  rock g l a c i e r .  These zones ,  as 
shown in Figure  6 , a r e  not n e c e s s a r i l y  a l l  b r e c c i a t e d ,  but a l l  ap­
p a re n t ly  e x i s t  as a d i r e c t  r e s u l t  o f  i n t r u s i o n  o f  the  b r e c c i a  p ipe .
Zone 1 i s  g r a d a t io n a l  from th e  u n a l te red  b i o t i t e  g r a n o d i o r i t e
ZONE ZONE 2 ZONE 3 Z0NE4 ZONE I
Granodiori  teFresh
3rano-
d i o r i t e
Granodior i te  
± ep.& c h i . 
s t r i n g e r s  ± 
b recci a
B reed  a 
Rounded annular  grano­
d i o r i t e  fragments in 
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]ua r tz -  
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iporphyry
G ranod io r i te  Fresh 
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F ig . -6 -  Id e a l i z e d  diagram of  the  Birch Creek i n t r u s i v e  b recc ia  sequence.  Solid 1in e s - sh a rp  c o n ta c tl ze ia
Dashed 1in e s - g ra d a t io n a l  c o n t a c t .
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w al l ro ck .  The mineralogy i s  e s s e n t i a l l y  th e  same as t h a t  o f  the  g rano­
d i o r i t e .  B i o t i t e  and hornblende a re  a l t e r e d  to  c h l o r i t e  and a minor 
amount o f  e p id o te  i s  r e p la c in g  p l a g i o c l a s e .  No f r a c t u r i n g  i s  e v id e n t  
in t h i s  a r e a .
Zone 2 r e p r e s e n t s  an ab rup t  change to  g r a n o d i o r i t e  c u t  by 
numerous g re e n i sh  v e i n l e t s  o f  submicroscopic  to  f i n e  g ra ined  q u a r t z ,  
c h l o r i t e ,  e p i d o t e ,  and f e l d s p a r s  r e s p e c t i v e l y .  These v e i n l e t s  a l s o  
c o n ta in  phenocrys ts  o f  p l a g io c l a s e  and q u a r t z .  The b i o t i t e  g rano ­
d i o r i t e  masses in  t h i s  zone have been a l t e r e d  q u i t e  e x t e n s iv e ly  by 
f l u i d s  t h a t  presumably accompanied th e  i n t r u s i v e  b r e c c ia .  Quartz  g ra in s  
a r e  co r ro d e d ,  e x h ib i t i n g  a p i t t e d  and embayed o u t l i n e .  Many g r a in s  
have been s h a t t e r e d ,  o f f s e t ,  and rehea led  by a lower r e l i e f  m in e ra l .
This lower r e l i e f  m in e ra l ,  as compared to  o l i g o c l a s e  (An2 g) i t  c u t s ,  
i s  a p p a r e n t ly  a l b i t e  ( P l a t e  7a ) .  P l a g io c l a s e  i s  a l t e r e d  to  s e r i c i t e ,  
e p i d o t e ,  and c a l c i t e .  Epidote makes up 7 p e r c e n t  of the  rock.
O r th o c la se  has an i r r e g u l a r ,  d i r t y  appearance  and has a l s o  been 
s l i g h t l y  a l b i t i z e d .  C h l o r i t e ,  a f t e r  b i o t i t e ,  and magnet i te  a r e  common 
a c c e s s o r i e s .
A sharp  boundary s ep a ra te s  the  s l i g h t l y  b r e c c ia te d  rocks  o f  zone 2 
and th e  ex tremely  b re c c i a t e d  rocks  o f  zone 3. A f in e - g r a in e d  g r e e n i s h -  
gray m a t r ix  makes up the  major p a r t  o f  the  rock in  zone 3. Rounded to  
a n g u la r  fragments  of  b i o t i t e  g r a n o d i o r i t e  f l o a t  w i th in  ( P l a t e  7b).
The m a t r ix  i s  comminuted rock of  the  same composit ion as the  en­
c lo sed  f ragm en ts .  The groundmass ranges  from submicroscopic  to  very  
co a r se  in  s i z e .  Anhedral ,  an g u la r  to  subangula r  qua r tz  i s  the  dominant
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P la t e  7b-Contact  between b recc ia ted  b i o t i t e  g ra n o d io r i t e  on r i g h t  
and groundmass on l e f t .
f
Imm
1
P la te  8 -Photomicrograph o f  p h y l l i c  a l t e r a t i o n  near q ua r tz  ve in .
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m in e ra l .  P l a g io c la se  i s  subhedral  to  a n h e d r a l ,  well twinned, and 
ranges from An2 g to  An^y. I t  shows a l b i t e  along f r a c t u r e s  s i m i l a r  to  
t h a t  in  zone 2, but in sm a l le r  amounts.  Myrmekitic in te rg row ths  en ­
ve lop e n t i r e  p l a g io c l a s e  g r a i n s .  Anhedral ,  i n t e r s t i t i a l  m ic ro c l in e  
i s  p r e s e n t  r a t h e r  than o r t h o c l a s e .  Brown b i o t i t e  has a ragged o u t l i n e  
and i s  being conver ted  to  c h l o r i t e  on the  o u t e r  rim. Epidote i s  r e ­
p lac ing  p l a g io c l a s e  in  t r a c e  amounts.
The b i o t i t e  g r a n o d i o r i t e  fragments  a r e  v i r t u a l l y  u n a l t e r e d .  Lack 
o f  a l t e r a t i o n  m ine ra l s  i s  th e  major d i f f e r e n c e  between th e se  fragments  
and those  o f  zone 2. There i s  no a l b i t e  along f r a c t u r e s  in th e se  f r a g ­
ments.  The c o n tac t  between the  fragments  and matr ix  i s  always s h a r p .
Zone 4 i s  c lo se  to  th e  inward edge of  th e  b recc ia  sequence.  This 
zone r e p r e s e n t s  an ab rup t  change from th e  b r e c c i a t e d  rock to  a whi te  
c h a lk ly  rock with qu a r tz  phenocrys ts  and f e l d s p a r  phenocrysts  up to  
1.5  cm in  l e n g th .  I t  appears  t h a t  t h i s  rock i s  th e  bleached e q u iv a l e n t  
of  the  q u a r t z - f e l d s p a r  porphyry de sc r ib ed  e a r l i e r .  Phenocrysts  have 
not been a l t e r e d  to the  same e x te n t  as the  groundmass.  Quartz and 
p l a g i o c l a s e  phenocrysts  show the  l e a s t  a l t e r a t i o n .  Twinning i s  
r e c o g n iza b le  in  most p l a g i o c l a s e  p h e n o c ry s t s ,  even where they have 
been a l b i t i z e d .  The bulk o f  the  rock i s  a f i n e - g r a i n e d  mix ture  o f  
q u a r t z ,  c l a y s ,  s e r i c i t e ,  c h l o r i t e ,  and e p id o te .  Apparent ly the  hot  
f l u i d s  which accompanied the  i n t r u s i v e  b re c c ia  caused t h i s  a l t e r a t i o n .
The next zone encounte red  i s  very  s i m i l a r  to  zone 1. Zones 2 and 
3 a r e  n o t  repea ted  as sugges ted by Johnston  and Lowell (1961).  This 
zone i s  s l i g h t l y  p o r p h y r i t i c  and has a g r e a t  amount o f  ep ido te  and
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c h l o r i t e .  Gradation i n t o  c lean  b i o t i t e  g r a n o d i o r i t e  occurs  w i th in  a 
few m e te rs .
The i n t r u s i v e  b re c c ia  ends r a t h e r  a b r u p t ly  to  the  southwes t  o f  
Chan Lake, where i t  i s  c u t  by a small f a u l t .  No sense o f  movement can 
be d e te c te d  on the  f a u l t .  A small amount o f  u n a l te red  porphyry i s  
found on e i t h e r  s id e  o f  t h i s  f a u l t .
Gilmour (1977) sugges ts  t h a t  such b re c c ia  p ipes  may owe t h e i r  
e x i s t a n c e  to  a l a t e r ,  deeper i n t r u s i v e  t h a t  i s  s t i l l  concea led .  According 
to  Gates (1959) and Bryant (1968) the  b r e c c ia  format ion i s  a r e s u l t  o f  
hydrothermal f l u i d s  de r ived  from a concealed i n t r u s i o n .  A n a tu r a l  p r e s ­
su re  g r a d i e n t  produced by th e  d i f f e r e n c e s  in  conf in ing  p r e s s u r e  and vapor 
p re s su re  in  th e  c r y s t a l l i z i n g  magma, caused the  hydrothermal f l u i d s  to  
ascend along zones o f  s t r u c t u r a l  weakness.  B i o t i t e  g r a n o d i o r i t e  rock 
fragments in th e se  weak a re a s  were caught up in th e  f l u i d  and t r a n s p o r t e d  
toward the  s u r f a c e .  The broken fragments  and m atr ix  a r e  d e p o s i t e d  when 
the  p re s su re  g r a d i e n t  becomes too weak to  move the  m a te r ia l  o r  th e  
channelway becomes r e s t r i c t e d .  Because the  b recc ia  i s  formed by hydro- 
thermal f l u i d s  de r ived  from the  bur ied  i n t r u s i o n ,  no fragments  o f  t h a t  
i n t r u s i o n  a r e  con ta ined  w i th in  th e  b r e c c i a .  This i n t r u s i o n  i s  not  
n e c e s s a r i l y  v i o l e n t  and probably  occurs  in  a s e r i e s  of p u ls es  (F ig .  7).
Perry  (1961) has proposed t h a t  b r e c c ia  p ipes  such as  t h i s ,  con­
t a in in g  rounded f ragm en ts ,  vented to  th e  s u r f a c e .  Upward s treaming 
gases  caused tumbling and rounding o f  th e  once angu la r  fragments  by 
ab ras ion  and c o r r o s io n .  Gilmour (1977) adds t h a t  a mix ture  of  rounded 
and angu la r  fragments  may be th e  r e s u l t  o f  angu la r  wal l rock  f a l l i n g
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Figure-7- Idealized formation of the Birch Creek intrusive breccia 
(modified after Gates, 1959)
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i n t o  the  a l r e ad y  mature p ip e ,  c o n ta in in g  rounded fragments .  Sub­
s idence  o f  the  i n t r u s i v e  b r e c c i a  a f t e r  ven t ing  may be ano ther  source  
o f  angu la r  f ragments .
I f  such an i n t r u s i v e  b r e c c i a  i s  i n d i c a t i v e  o f  a deeper i n t r u s i v e  
phase ,  the  i r r e g u l a r l y - s h a p e d  q u a r t z - f e l d s p a r  porphyry ou tc rops  may be 
a n o th e r  exp ress ion  o f  t h a t  phase .  In any e v e n t ,  the  b recc ia  p ipe  i s  
c l o s e l y  r e l a t e d  to  the porphyry s in c e  a l t e r e d  porphyry occurs  as p a r t  
o f  the  b re c c i a  sequence and u n a l t e r e d  porphyry i s  found both on the  
n o n -b rec c i a t e d  and b r e c c i a t e d  s i d e s  o f  the  small  f a u l t .  I t  i s  a l s o  
p o s s i b l e  t h a t  t h i s  c lo s e  a s s o c i a t i o n  i s  a mere co incidence  and th e  b re c c ia  
and porphyry a re  no t  r e l a t e d .
F e ld sp a th ic  Q u a r tz i t e
A medium to  coarse  g ra in e d ,  l i g h t  c o lo re d ,  f e l d s p a t h i c  q u a r t z i t e  
i s  the  only non-igneous rock recogn ized  in the  a r e a .  I t  occurs  in  one 
outcrop  to  the  west  o f  Tub Lake and south o f  Highboy Mountain. The 
q u a r t z i t e  i s  a 2 m by 5 m in c l u s i o n  in the  b i o t i t e  g r a n o d i o r i t e .  I t s  
c o n ta c t  wi th  the  w a l l rock  i s  s h a r p ,  bu t  i r r e g u l a r .  There i s  minor 
a l t e r a t i o n  o f  b i o t i t e s  to  c h l o r i t e  a few cen t im e te rs  away from th e  con­
t a c t .  The outc rop i s  h e av i ly  j o i n t e d  and no r e l i c  bedding i s  e v i d e n t .
The rock i s  about 75 p e r c e n t  q u a r t z ,  10 p e rc en t  p l a g i o c l a s e ,  t o g e th e r  
with  l e s s e r  amounts o f  o r t h o c l a s e ,  s e r i c i t e ,  c a l c i t e ,  and c h l o r i t e .  
M ic ro c l in e ,  m agne t i te ,  and sphene occur  in t r a c e  amounts. All g ra in s  
a re  an h ed ra l .  Limoni t i c  co a t ings  a re  found on many m ic r o f r a c tu r e s .  The 
l a r g e r  e lo n g a te  mineral  g ra ins  show a crude l i n e a t i o n .
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Myers (1959) has mapped much l i g h t  co lo red ,  f e l d s p a t h i c  q u a r t z i t e  
o f  Precambrian age (pGg) w i th in  4 .5  k i lometers  o f  th e  a r e a .  These 
q u a r t z i t e s  a re  on the upper p l a t e  o f  the  Kelly t h r u s t  and may be the  
same as the  i n c l u s i o n .  The rocks  o f  t h i s  upper p l a t e  a r e  probably  
somewhere w i th in  th e  Precambrian s e c t io n  de sc r ibed  by Ruppel (1975; 1976).
S t r u c t u r e
The a rea  i s  s t r u c t u r a l l y  s imple .  The most s t r i k i n g  f e a t u r e s  a r e  
the  wide f a u l t  zones sou th  o f  Highboy Mountain and west o f  Tub Lake.
Two s i m i l a r  zones occur  n o r th  o f  Anchor Lake. Each s h e a r  zone i s  p r e ­
f e r e n t i a l l y  weathered due to  the  high d e n s i ty  o f  small p a r a l l e l  f r a c t u r e s .  
These f a u l t s  t r e n d  N50 to  80E, and dip s t e e p l y ,  c u t t i n g  the b i o t i t e  
g ra n o d io r i t e .  Two excep t ions  to  t h i s  t rend  occur  a long the  r id g e  e a s t  o f  
Tent Mountain. These s t e e p l y  dipp ing f a u l t s  t r e n d  N20 to  SOW. The 
amount o f  d isp lacem ent  a long the se  sheared zones i s  no t  known.
Evidence o f  movement can be seen in the  f a u l t  to  the  e a s t  o f  Anchor 
Lake. This s t e e p l y  d ipping  f a u l t  i s  w e l l -d e f in e d  in the  n o r t h e a s t  where 
barren  outcrop  i s  w e l l -exposed  by the  s tream. The most r e c e n t  movement 
r e s u l t e d  in the  n o r t h e a s t e r n  o r  hanging wall be ing upthrown. Another 
f a u l t  i n t e r s e c t s  t h e  s u r f a c e  a t  t h i s  p o in t  and i s  shal low d ipp ing .  Quartz  
veins  up to  15 cm wide have been emplaced along these  f a u l t s .  There has 
been movement a long  the  sha l low  dipping f a u l t  s i n c e  the  q u a r t z  was em­
placed. F in e -g ra in ed  gouge washed out o f  t h i s  f a u l t  was predominantly  
q u a r t z  and hydro therm al ly  a l t e r e d  rock. Adjacent t o  th e  f a u l t ,  on e i t h e r
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s i d e ,  a r e  a s e r i e s  o f  small en-eche lon  q u a r t z  v e in s ,  approximate ly  
p a r a l l e l i n g  th e  s t r i k e  o f  the  f a u l t s .  I t  i s  l i k e l y  t h a t  th e s e  q u a r t z  
ve ins  were emplaced in small t e a r  j o i n t s  accompanying the  f a u l t i n g .
The e n t i r e  a rea  i s  cu t  by a s e r i e s  o f  s t e e p l y  dipping f r a c t u r e s  
and j o i n t s  fo l lowing  the  same n o r t h e a s t  t r e n d  as the  f a u l t s  (F ig .  12).
No o f f s e t  i s  appa ren t  in f r a c t u r e s  showing c r o s s - c u t t i n g  r e l a t i o n s .
This f r a c t u r e  and j o i n t  system d i c t a t e s  th e  outc rop  p a t t e r n  and 
topography in the  lower e l e v a t i o n s ,  around th e  l a k e s .  The e lo n g a t e  
ou tc rops  a re  a r e s u l t  o f  g l a c i a l  scour ing  o f  the  l e s s  r e s i s t a n t  rock 
along f r a c t u r e s  and j o i n t s .
These n o r t h e a s t e r l y  t r e n d in g  f a u l t s  and j o i n t s  a re  p a r a l l e l  to  
s u b p a r a l l e l  to  l a rg e  f a u l t  zones mapped by Myers (1954) about 2 km 
e a s t  o f  th e  s tudy  a r e a .  He b e l i e v e s  th e s e  l a r g e r ,  more e x t e n s iv e  f a u l t s  
to  be p r e - i n t r u s i v e  in age; accompanying f a u l t s  may be Oligocene in 
age.
Another j o i n t  s e t  s t r i k e s  nor thw es t  (F ig .  12).  I t  appears  to  be 
a l a t e r  s e t  and i s  no t  as prominent as t h e  n o r t h e a s t  t rend ing  s e t .
These j o i n t s  fo llow th e  same t r e n d  as th e  nor thwes t  t rend ing  f a u l t s  
near  Tent Mountain.  They c u t  the  n o r t h e a s t  t r e n d in g  j o i n t s  and show 
minor o f f s e t .  L i t t l e  o f  the  topography i s  a f f e c t e d  by th e se  j o i n t s .
Both o f  th e se  s e t s  o f  j o i n t s  c u t  th e  s h e e t l i k e  flow l a y e r s  observed 
in  the  southwest co rne r  of  th e  a r e a ,  from Tent Mountain t o  j u s t  west  of  
Tub Lake. According to  Balk (1937) ,  t h i s  type  o f  flow s t r u c t u r e  i s  
be l ieved  to  have formed j u s t  p r i o r  to  th e  f i n a l  c o n so l id a t io n  o f  the  rock
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The flow banding i s  i n d i c a t e d  by l i n e a r  p a r a l l e l i s m  o f  hornblende l a t h s  
and l i n e a r  e lo n g a t io n  o f  x e n o l i t h s .  Many o f  the  x e n o l i th s  have been 
f r a c t u r e d  and c r o s s - c u t  by a p l i t e  d ik e s .
Balk (1937) sugges ts  t h a t  s c h l i e r e n  may be a b e t t e r  term to  apply  
to  l a y e r s  such as these  when they a r e  somewhat i r r e g u l a r  in shape.
I r r e g u l a r  a p l i t i c  and fe rromagnesian  lay e r s  a re  common west o f  Tub 
Lake. Length,  t h i c k n e s s ,  and boundar ies  o f  these  l a y e r s  vary g r e a t l y .
Balk (1937) d e sc r ib e s  j o i n t s ,  such as th e  n o r t h e a s t  t r e n d in g  s e t  in  
the  s tudy  a r e a ,  t h a t  a re  p e r p e n d ic u l a r  to  primary flow bands,  as c ross  
or  t en s io n  j o i n t s .  These j o i n t s  a r e  g e n e ra l ly  long and s t r a i g h t ,  with  
veneers  o f  hydrothermal m in e ra l s .  Tension j o i n t s  a re  among the  e a r l i e s t  
f r a c t u r e s  to  form with c o n s o l i d a t io n  o f  the  mass.
Flow bands,  in t h i s  c a se ,  r e p r e s e n t  the  t r e n d  o f  g r e a t e s t  leng th en in g  
o f  th e  igneous mass. The t r e n d  o f  g r e a t e s t  compression l i e s  w i th in  th e  
plane  o f  c ross  j o i n t s ,  normal t o  t h e  flow l i n e s .  These c ross  j o i n t s  
develop as soon as flow s tops  and the  e l a s t i c  l i m i t  o f  th e  rock i s  ex ­
ceeded. Expansion, by way o f  the se  j o i n t s ,  continues  in  th e  same d i r e c t i o n  
as the  e a r l i e r  v iscous flow.
The n o r t h e a s t - t r e n d i n g  j o i n t s  and f a u l t s  in the  a rea  have a c te d  as 
major channelways f o r  hydrothermal f l u i d s .  Most o f  the  m in e ra l iz ed  
q u a r tz  ve ins  and hydrothermal a l t e r a t i o n  is  found along these  j o i n t s  
and f a u l t s .  This f a c t  i n d i c a t e s  the  f a u l t s ,  a t  l e a s t ,  a r e  q u i t e  deep 
s e a te d  o r  a t  l e a s t  p e n e t r a t e d  th e  hydrothermal r e s e r v o i r .
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Age R e la t io n sh ip s
Some o f  the  age r e l a t i o n s h i p s  between rock types  and even ts  have 
been e s t a b l i s h e d  through r a d io m e t r i c  age d a t in g  and o the rs  by c r o s s ­
c u t t i n g  r e l a t i o n s h i p s  o r  in f e r e n c e .  Waterhouse (1952) concluded t h a t  
the  Mount Torrey s tock  ( b i o t i t e  g r a n o d i o r i t e  o f  th e  p rospec t  a r e a )  i s  
T e r t i a r y  in  age.  I t  i s  no t  known what t h i s  conclus ion was based on. 
However, s t u d i e s  conducted by Zen and o th e r s  (1975) ,  th roughou t  the  
P ioneer  b a t h o l i t h ,  i n d i c a t e  the  rocks a r e  approximate ly  70 m i l l i o n  yea r s  
o ld .  This da te  was de r ived  from potass ium-argon  (K-Ar) da tes  on b i o t i t e  
and hornblende in 5 d i f f e r e n t  rock types  w i th in  th e  b a t h o l i t h  (Tables 1 & 
3).  The s m a l l e r  g r a n i t e  body i s  presumably th e  same age,  bu t  no c o n ta c t  
r e l a t i o n s  w i th  th e  b i o t i t e  g r a n o d io r i t e  a r e  v i s i b l e  to t e s t  t h i s  assump- 
t i  o n .
In t r o d u c t io n  o f  a p l i t e  and pegmat i te  dikes  followed i n t r u s i o n  o f  
the  g r a n i t e  and g r a n o d i o r i t e  (F ig .  8 ) .  These dikes  were p receded by 
a j o i n t  s e t  in  the  s t i l l  p l a s t i c  g r a n o d i o r i t e .  The proposed p l a s t i c  
f low occur red  dur ing  or  s h o r t l y  a f t e r  th e  i n t r u s i o n  o f  the  a p l i t e s .  
Emplacement o f  the  flow b re c c ia  must have o ccu r red  a t  t h i s  t ime a l s o .
Potassium-argon da tes  on b i o t i t e  in th e  q u a r t z - f e l d s p a r  porphyry ,  
and coarse  g ra ined  secondary muscovite in the  hydrothermal a l t e r a t i o n  
and q u a r t z - s e r i ci t e  ve ins  gives ages o f  67 .9  + 2 .6 ,  67.0  + 2.1 , and 
65.2  + 2 . 4  r e s p e c t i v e l y  (AMAX 1977, personal  communication).  Consider ing
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Table 3. Data on the  Five Dated I n t r u s i v e  Rocks o f  the  P ioneer  
B a t h o l i t h ,  Montana
DR BH9850 BHS IVP BC
Chemical Data
\
SiOg 52.4 67.7 72.8 65.7 69 .5
AI2 O3 18.2 16.4 15.1 16.2 16.2
Fego, 5.1 2 . 1 0 . 8 6 2 . 8 1 . 6
FeO 5.4 2.9 0.76 2 . 1 1.3
MgO 3.9 1 . 8 0.43 1.5 0.62
CaO 8 .7 4.2 2 . 2 4.5 3.7
Na2 0 3 .0 3.3 3.1 3.0 3 .8
1.3 2 . 8 3.5 2 . 6 2.7
K2 0 + 1 . 0 0.75 0.96 0.80 0.79
H2 0 - 0.07 0.04 0.14 0 . 1 2 0.15
TiO_ 1 . 2 0.59 0 . 2 0 0.42 0.26
P2 O5
MnO
0.35 0.14 0.18 0 . 2 1 0.16
0 . 1 1 0 . 1 0 0.08 0.08 0.08
COg 0 . 0 2 0.05 0 . 0 2 0 . 0 2 0.04
Total 1 0 1 1 0 0 1 0 0 1 0 0 1 0 1
Modal Minerals
Quartz 4 .3 2 2 . 8 34.1 26.0 28.5
P la g io c la se 64.9 29.9 31.5 51.0 47.1
K -fe ldspar 0 . 0 17.9 29.0 4.3 17.3
Hornblende 17.2 2 .3 0 . 0 4.3 0 .3
B i o t i t e 7.7 15.4 4 .3 7.8 4 .5
C h lo r i t e 0 . 0 0 . 0 0.3 1 . 2 0 .9
Sphene 0.4 0 . 6 0 . 0 0 . 8 0.3
Others* 5 .6 1.4 0 . 8 4.7 1 . 1
Name Quartz G ran o d io r i t e Grani t e T o n a l i t é G ra n o d io r i t e
d i o r i t e
Table 3. (Continued)
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Normati ve Mineral s
Q 6.5 22.3 36.3 26.6 28 .2
Qr 7.6 16.6 2 0 . 6 15.4 15.8
Ab 25.2 28.0 26.2 25.4 31.9
An 32.1 2 0 . 0 9 .6 2 0 . 8  V 16.9
Wo 3.5 0 . 0 0 . 0 0 . 0 0 . 0
En 9.6 4 .5 1 . 1 3.7 1.5
Fs 3 .9 2 . 8 0.50 1 . 0 0.80
Mt 7.3 3.1 1 . 2 4.1 2 .3
II 2 .3 1 . 1 0.38 0 . 8 0.49
Ap 0.82 0.33 0.43 0.5 0 .38
Ce 0.045 0 . 0 0.045 0.46 0.09
C 0 . 0 0.64 2.7 0.82 0.77
Thornton and
T u t t l e
di f f e r e n t l a t i o n
i ndex 39 67 83 67 76
* I n d i c a t e s  o r t h i t e ,  opaques,  e p i d o t e - c l i n o z o i s i t e ,  a p a t i t e  
whi te  m ica ,  myrmekite.
^Names accord ing  to  JUGS system ( S t r e c k e i s e n ,  1973)
, z i r c o n .
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Figure- g_ Relative ages of major events.
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the p r e c i s io n  o f  th e  d a t e s ,  th e se  even ts  a re  e s s e n t i a l l y  contemporaneous 
(Fig .  8 ).
Because the  q u a r t z  veins and hydrothermal a l t e r a t i o n  fo llow n o r t h ­
e a s t  t r e n d in g  j o i n t  and i n c i p i e n t  f r a c t u r e  sys tems ,  those  systems a re  
o ld e r .  A l t e r a t i o n  along i n c i p i e n t  f r a c t u r e s  c r o s s - c u t s  the  g r a n i t e ,  
g r a n o d i o r i t e ,  and the  a p l i t e  d i k e s ,  b u t  does not c u t  the  q u a r t z - f e l d s p a r  
porphyry.  Quartz  veins cu t  n e i t h e r  the  a p l i t e  dikes nor th e  porphyry.
The s l i g h t  d i f f e r e n c e  in  ages o f  th e se  events  may be a s a t i s f a c t o r y  
exp lan a t io n  as to  why the  q u a r t z  ve ins  do no t  cu t  the  porphyry.  The 
lack o f  c lo se  p roxim ity  o f  the  small number o f  q u a r t z  veins  to  the  reg ions  
o f  porphyry and a p l i t e  occurrence  may a l s o  exp la in  the  lack  o f  c r o s s ­
c u t t i n g  r e l a t i o n s .  The lack o f  r e q u i r e d  j o i n t s  w i th in  the  porphyry i s  
the major reason i t  i s  not c u t  by o t h e r  f e a t u r e s .
Despite  these  f a c t o r s ,  th e  age da tes  i n d i c a t e  the  q u a r t z - f e l d s p a r  
porphyry,  q u a r t z - s e r i c i t e  v e in s ,  and hydrothermal a l t e r a t i o n  a r e  r e l a t e d .  
The i n t r u s i v e  b r e c c i a  may be approx imate ly  the  same age because t h e r e  is  
a l t e r e d  porphyry in  the  b re c c ia  sequence and u n a l te red  porphyry along 
the  b re c c ia  a t  i t s  e a s t e r n  end.
The n o r t h w e s t e r l y - t r e n d i n g  j o i n t s y s t e m  i s  o f  u n c e r t a in  age.  I t  
cuts  g r a n i t e ,  g r a n o d i o r i t e ,  q u a r t z - s e r i c i t e  v e in s ,  and a l t e r e d  f r a c t u r e s  
and i s  t h e r e f o r e  younger than th e  a l t e r a t i o n .  The b a s a l t  dikes  a re  a l so  
o f  q u e s t io n ab le  age.  They a re  c u t  by the  l a t e  nor thwest t r e n d in g  j o i n t s ,  
bu t  not  by any o f  the  o th e r  f e a t u r e s  (F ig .  8 ) .  They appear  to  be 
fo llowing the  n o r t h e a s t e r n l y  t r e n d in g  j o i n t  system.
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Myers (1952) r e p o r t s  some Oligocene b a s a l t i c  lavas  in a d j a c e n t  a r e a s  
and the  d ikes  may be r e l a t e d  to  t h a t  even t .  I t  appears  t h a t  the  b a s a l t  
d ikes  and n o r th w e s t - t r e n d in g  j o i n t s  were the  f i n a l  e v e n t s ,  a s id e  
from u p l i f t ,  e ro s io n  and g l a c i a t i o n ,  in  the  s tudy a r e a .
M in e r a l i z a t i o n  C h a r a c t e r i s t i c s  and Genesis
Quartz ve ins
S u l f id e  m i n e r a l i z a t i o n  i s  confined a lmost e n t i r e l y  to  s t e e p l y  
d ipping q u a r t z  v e in s .  The q u a r t z  ve ins  range in th ick n ess  from 2 cm 
to  more than a meter in w id th .  They occur along th e  n o r t h e a s t  t r e n d in g  
j o i n t  and f a u l t  systems p re v io u s ly  de sc r ibed .  Most o f  the  q u a r t z  i s  
milky-white  and mass ive.  Other  ve ins  show comb s t r u c t u r e ,  c h a r a c t e r i s t i c  
o f  open space f i l l i n g .  A vuggy zone occurs near  th e  c e n t e r  o f  th e s e  
ve ins  with  q u a r t z  c r y s t a l s  p ro t r u d in g  i n t o  th e  open space ,  i n d i c a t i n g  
inward growth from ve in  w a l l s  (Park and MacDiarmid, 1970).
Most ve ins  have sharp  c o n t a c t s  with  wall  rocks .  Contacts  a r e  more 
i r r e g u l a r  where hydrothermal a l t e r a t i o n  i s  well  developed.  These ve ins  
show c h a r a c t e r i s t i c s  o f  both f r a c t u r e  f i l l i n g  and rep lacement .  A pparen t ly ,  
m in e ra l i z in g  s o l u t i o n s  were in t roduced  in to  f r a c t u r e s  and during  de­
velopment o f  the  r e s u l t a n t  v e i n s ,  minor rep lacement o f  the  wall  rock 
fo l lowed.  Most ve ins  p inch ,  s w e l l ,  and a r e  d i s co n t in u o u s .  All a r e  
be l ieved  to  be r e l a t e d  and emplaced in  the same time per iod .
Veins c o n ta in  c o a r s e l y - c r y s t a l l i n e  f l a k e s  and r o s e t t e s  o f  secondary 
muscovi te ,  o f t e n  in te rgrown w ith  molybdenite .  A few la rg e  masses o f
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secondary a l k a l i  f e l d s p a r  a r e  s c a t t e r e d  along the  inner  a r e a s  o f  the  
q ua r tz  v e in s ,  wi th  the  muscovite and molybdenite.
C o a r se -g ra in e d ,  whi te  q u a r tz  a l s o  occurs in i r r e g u l a r  to  l e n t i c u l a r  
shaped pods and s t r i n g e r s ,  up to 7 cm a c r o s s .  Many of t h e s e  pods con­
t a i n  the  c o a r s e - g r a in e d  secondary muscovite f l a k e s  and r o s e t t e s .  The 
pods occur  in zones ,  such as the  two e a s t  o f  Anchor Lake, t h a t  a r e  more 
i n t e n s e l y  f r a c t u r e d  and l i g h t l y  a l t e r e d . "  Such zones form a ve ry  weak 
stockwork. The q u a r t z  pods occur where,  a t  l e a s t  two or  more,  f r a c t u r e s  
meet;  q u a r t z  f i l l s  the area  o f  i n t e r s e c t i o n .  Two to  3 cm blebs  o f  
p y r i t e ,  m ag n e t i t e  or p y r r h o t i t e  a l s o  occur a t  some o f  t h e s e  i n t e r ­
s e c t i o n s .  P y r i t e  and qu a r tz  a r e  o f ten  found to g e th e r  in the  pods. Fur­
t h e r  to  th e  sou thw es t ,  l a rg e  agg rega te s  of c r y s t a l l i n e  e p i d o t e  a r e  found 
accompanying q u a r t z .  No p y r i t e ,  m agne t i te ,  o r  p y r r h o t i t e  were observed. 
A very minor t r a c e  of molybdenite  occurs in  one o f  th e se  pods.  This 
i s  the  only molybdenite  observed in  the  weak stockwork zones .
Primary Hydrothermal Minerals
P y r i t e ,  molybdeni te ,  and c h a l c o p y r i t e  a r e  the  p r i n c i p a l  hypogene 
s u l f i d e s  in the  q u a r t z  ve in s .  These s u l f i d e s  a r e  g e n e r a l l y  accompanied 
by minor hem at i te  and m agne t i te .  Other primary m ine ra ls  found 
s c a t t e r e d  th roughout  the  area  a r e  ga len a ,  s c h e e l i t e ,  and p y r r h o t i t e .
S u l f id e  d i s t r i b u t i o n  w i th in  the  veins  i s  e r r a t i c .  Not a l l  ve ins  
have been m in e ra l i z ed  and many c a r ry  only p y r i t e .  S u l f id e s  may comprise 
up to  5 p e r c e n t  o f  a v e in ,  but most con ta in  l e s s .
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Molybdenite e x h i b i t s  t h r e e  d i f f e r e n t  h a b i t s :  (1) as l a rg e
c r y s t a l  p l a t e s  and r o s e t t e s ;  ( 2 ) very f i n e l y  d is sem ina ted  throughout 
the  q u a r t z ;  and (3) as a f i n e - g r a i n e d  p a i n t  along f r a c t u r e s .  The 
p l a t e s  and r o s e t t e s  range up to  1 cm a c r o s s ,  with  r o s e t t e s  g e n e r a l ly  
very well formed. They o f t e n  i n t e r f i n g e r  with  coar se  g ra in ed  hydro- 
thermal m uscovi te .
The f i n e l y  d is sem ina ted  molybdenite  i s  d i s t i n g u i s h e d  from the 
o th e r  f i n e  g ra in e d  m ine ra ls  in the  q u a r tz  only by mic roscopic  t e c h ­
niques.  This  form o f  molybdenite occurs  as i n d i v i d u a l ,  widely  s c a t t e r e d ,  
c r e s e n t  shaped f l a k e s .  Where th e se  d issem ina ted  f l a k e s  a r e  abundant ,  
the  q u a r tz  t a k e s  on a gray c o l o r .  Some o f  t h i s  c o lo r  i s  a l s o  due to  
f i n e l y  d i s sem in a ted  p y r i t e .
The b l u i s h - g r a y  p a in t  along f r a c t u r e s  i s  g e n e r a l ly  a m ix tu re  of  
smeared p y r i t e  and molybdenite .  This  o f t e n  r e s u l t s  in a g ray  banding 
w i th in  the  q u a r t z .  Microscopy shows a few o f  the  c r e s e n t  shaped p l a t e s  
remaining w i th in  th e  p a i n t ,  but most g ra in s  have been d e s t ro y ed  along 
the  f r a c t u r e .
C h a lco p y r i t e  i s  observed accompanying molybdenite  in  only  two a r e a s .  
Fine g ra ined  molybdenite  and c o a r se ,  anhedral  c h a l c o p y r i t e  a r e  i n t e r ­
mixed in  a small  ve in  to  the  s o u th e a s t  o f  Tent Mountain and w i th in  veins 
on the f l a n k s  o f  Torrey Mountain. Very minor c h a l c o p y r i t e  occurs  in  the  
veins west  o f  Tub Lake and west o f  Chan Lake (Fig.  13).  C h a lco p y r i te  
a l s o  occurs  along small f r a c t u r e s  in u n a l t e r ed  rock to  th e  nor th  and 
south o f  th e  b r e c c i a  p ipe .  Whether i t  i s  r e l a t e d  to  th e  b r e c c i a ,  or 
n o t ,  i s  unknown.
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Galena occurs  with  c h a l c o p y r i t e  west o f  Chan Lake and wi th  molybenite  
in the  l a r g e  ve in  on Tent Mountain. The galena  in these  l o c a l i t i e s  i s  
w e l l - c r y s t a l l i z e d .  Grains  a r e  sp a rce ly  s c a t t e r e d ,  ranging from m icro ­
scop ic  to  1 cm a c r o s s .  P y r i t e  i s  u su a l ly  c l o s e l y  a s s o c i a t e d  w i th  the 
ga lena .
S pecu lar  hem at i te  i s  found c lo s e ly  in te rmixed with molybdeni te  in 
a few small  v e i n s ,  n o r t h e a s t  o f  Pear Lake. These veins  have been 
revea led  by p ro s p e c t  p i t s .  The f i n e - g r a i n e d  mixture  o f  hem at i te  and 
molybdenite  i s  d e ce iv in g .  I t  i s  n ea r ly  impossible  to  d i s c r i m i n a t e  
between th e  sh in y ,  gray sp ec u la r  hemat i te  and the  molybdenite .  The 
combination r e s u l t s  in a c h a r a c t e r i s t i c  red s t r e a k  of  h e m at i t e .  Geo­
chemical a s say  r e p o r t s  v a r i f y  th e  presence  o f  molybdenite (AMAX 1977, 
personal  communication).
Grains  o f  s c h e e l i t e ,  up to  7 mm a c r o s s ,  occur in th e  q u a r t z  ve ins  
west o f  Tub Lake. Fine g ra ined  b lu e i s h  s c h e e l i t e  has been v e r i f i e d  in 
seve ra l  o t h e r  q u a r t z  ve ins  by use o f  s h o r t  wave u l t r a v i o l e t  l i g h t .  I t  
i s  not abundant.
Hydrothermal A l t e r a t i o n
Hydrothermal a l t e r a t i o n  a t  th e  Birch Creek p rospec t  i s  mostly  
confined t o  narrow envelopes  border ing  qua r tz  ve ins  which commonly 
grade outward in to  u n a l t e r e d ,  o r  weakly a l t e r e d ,  b i o t i t e  g rano­
d i o r i t e .  A few small pa tches  o f  a l t e r e d  rock west of Pear Lake 
a re  no t  a s s o c i a t e d  wi th  q u a r t z  v e in ing .  Lowell and G u i lb e r t
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(1970) c a l l  t h i s  a "dry" type o f  a l t e r a t i o n ,  where abundance, i n v o l v e ­
ment, and permeation o f  m i n e r a l i z i n g - a l t e r i n g  f l u i d s  i s  low.
The a l t e r a t i o n  envelopes  range from 4 cm to  1.5  m in  w id th .  Where 
veins a r e  c l o s e l y  spaced ,  such as west  o f  Tub Lake, a l t e r a t i o n  envelopes  
on a d j a c e n t  ve ins  co a le sce  to  produce loca l  a reas  o f  p e rv as iv e  a l ­
t e r a t i o n .  There a re  few o f  th e se  c o a le s c in g  zones in th e  a r e a .
Only two types o f  h y d ro th e ra l  a l t e r a t i o n  e x i s t .  Both a re  r e l a t e d  
in space and t ime to  th e  q u a r t z  veins  (F ig .  9).  These a l t e r a t i o n  types  
have the  c h a r a c t e r i s t i c  mineral  assemblages o f  the  p h y l l i c  and a r g i l l i c  
zones (F ig .  10) (Lowell and G u i l b e r t ,  1970). The i d e a l i z e d ,  i n n e r  
p o t a s s i c  and o u t e r  p r o p y l i t i c  zones have n o t  been recognized in  th e  
a l t e r a t i o n  sequence.
The p h y l l i c  zone,  sometimes c a l l e d  the  s e r i c i t i c  zone, i s  t h e  most 
abundant and s i g n i f i c a n t  o f  th e  two a l t e r a t i o n  assemblages.  The a l ­
t e r a t i o n  m ine ra ls  inc lude  q u a r t z ,  hydrothermal muscovite ( s e r i c i t e ) ,  
p y r i t e ,  r u t i l e ,  and minor amounts o f  c h l o r i t e  and b i o t i t e  ( P l a t e  8 ) .
The p h y l l i c  zone i s  th e  most i n t e n s e l y  a l t e r e d  to  judge from e x t e n t  
o f  d e s t r u c t i o n  o f  the  o r i g i n a l  rock t e x t u r e  and m ine ra ls .
As noted by Burnside  (1970) ,  the  term s e r i c i t e  i s  w idely  used to  
denote a s p e c i f i c  g e n e t i c  o r i g i n  in hydrothermal a l t e r a t i o n .  In t h i s  
case i t  i s  n o t  n e c e s s a r i l y  l i m i t e d  to  the  f i n e - g r a in e d  secondary  h a b i t .  
With t h i s  in  mind, the  c o a r s e - g r a in e d ,  secondary white mica found in  
the  p h y l l i c  a l t e r a t i o n  assemblage i s  termed hydrothermal muscovi te  in 
t h i s  s tudy .  This mineral  f a l l s  in  the  same p o s i t io n  as s e r i c i t e  in  the  
hydrothermal
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SHALLOW-̂ .IODERATE DEPTH ASSEMBLAGES
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Figure IQ Summary of hydrothermal alteration assemblages. 
(After Lowell and Guilbert, 1970)
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a l t e r a t i o n  assemblages de sc r ibed  by Lowell and G u i lbe r t  (1970).  This 
i s  a l s o  the  minera l  de sc r ibed  with  th e  q u a r t z  v e in s .
X-ray d i f f r a c t i o n  a n a l y s i s  o f  a c l e a n ,  mono-mineralic sample of
0 0 Ù
t h i s  muscovi te  shows th e  10 A, 5 A and 3 .3  A l a t t i c e  spac ing  t y p i c a l  
of  muscovite ( C a r ro l ,  1970).  The s h a r p ,  w e l l -d e f in e d  d i f f r a c t i o n  peaks 
i n d i c a t e  the  wel1- c r y s t a l l i z e d  n a tu re  o f  th e  muscovite.  According to  
Hemley and Jones  (1964) t h i s  type o f  muscovi te  i s  g e n e r a l ly  potass ium- 
r i c h ,  bu t  sodium and magnesium may be p r e s e n t  in s i g n i f i c a n t  amounts.
Hydrothermal muscovite may comprise up to  99 pe rcen t  o f  the  a l ­
t e r a t i o n  m in e ra l s  near the  q u a r t z  v e in .  The m a jo r i ty  o f  th e  p h y l l i c  a l ­
t e r a t i o n  has between 25 and 35 p e rc e n t  o f  t h i s  muscovi te.  Most f l a k e s  
range from m icroscopic  dimensions to  8  mm a c r o s s .
O r ig ina l  rock p l a g i o c l a s e  and o r t h o c l a s e  a re  both p e r v a s iv e ly  
rep laced  by a f e l t e d  mat o f  co a r se  hydrothermal muscovite ( P l a t e  8 ) .
In some cases  o r i g i n a l  mineral  t e x t u r e s  a r e  r e t a in e d  in  th e  p r e f e r r e d  
o r i e n t a t i o n  o f  th e  s e r i c i t e .  S e r i c i t e  a l s o  occurs as c o a r se  r o s e t t e s ,  
o f t e n  in te rgrown with  coarse  molybdenite  f l a k e s  in  t h i s  zone.
Quartz i s  u s u a l l y  the  most abundant minera l  in the  p h y l l i c  zone.
I t  may comprise up to  70 p e rcen t  of  th e  a l t e r e d  rock. Primary rock 
qua r tz  i s  g e n e r a l l y  u n a f f e c t e d ,  but may show rounded overgrowths .
P y r i t e  i s  abundant in  some enve lopes ,  bu t  f o r  the  most p a r t  i t  
has been pseudomorphically  r ep laced  by hem at i te  and e x t e n s iv e ly  
ox id ized  to  l im o n i t e .  This o x id a t io n  g iv e s  the  a l t e r a t i o n  envelopes  a
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d i s t i n c t i v e  red-orange  c o lo r .  O r ig ina l  p y r i t e  c o n te n t  was probably  
in the  1 to  3 p e rc en t  range.
O r ig ina l  potass ium f e l d s p a r  i s  t o t a l l y  r e p la ce d  by coarse  gra ined  
s e r i c i t e  c lo se  to  the  ve in ,  bu t  small u n a l t e r ed  fragments remain,  away 
from the ve in .  A t r a c e  o f  r u t i l e  i s  p re s e n t  and no carbonates  were 
observed.
The c o n ta c t s  o f  the  p h y l l i c  zone with  the  a s s o c i a t e d  q u a r t z  vein 
a re  r e l a t i v e l y  sharp .  O ccas iona l ly ,  c o a r s e - g r a in e d  hydrothermal musco­
v i t e  and molybdenite w i l l  be in te rgrown across  th e  v e i n - p h y l l i c  assemblage 
i n t e r f a c e .  This in te rg row th  i s  no t  dense enough to  obscure  the  c o n t a c t .  
The c o n ta c t  o f  the  p h y l l i c  zone w i th  th e  oute rmost  a r g i l l i c  zone i s  
w e l l - d e f i n e d ,  bu t  g rada t iona l  over about  2 cm. Minerals  o f  the  p h y l l i c  
assemblage and those  o f  the  a r g i l l i c  assemblage o ve r lap  to  some e x t e n t  
in the  g ra d a t io n a l  a r e a .
A r g i l l i c  a l t e r a t i o n  o f  th e  b i o t i t e  g r a n o d io r i t e  i s  r e s t r i c t e d  to  
the envelopes  su r rounding  q u a r tz  ve ins .  The a r g i l l i c  assemblage i s  
very t h i n  in  most c a se s .  The w ides t  o f  these  zones i s  6  t o  7 cm. This 
i s  a n o th e r  f a c t o r  sugges t ing  th e  hydro thermal,  metasomatic f l u i d s  were 
no t  abundant o r  the  du ra t io n  o f  the  process  was r e l a t i v e l y  s h o r t .
The c h a r a c t e r i s t i c  a l t e r a t i o n  mineral  in  the  a r g i l l i c  assemblage 
i s  k a o l i n i t e .  O r ien ted  samples give d i s t i n c t i v e  X-ray d i f f r a c t i o n  
peaks o f  approximate ly  7% and 3.57 8  ( C a r r o l l ,  1970) and i s  v e r i f i e d  
by the  c o l l a p s e  o f  the se  peaks on h e a t in g  to  550°C f o r  one hou r . I t  
appears w e l l - c r y s t a l l i z e d ,  as shown by the  sh a rp ,  narrow peaks. D is­
ordered  k a o l i n i t e  was d e tec te d  in only one sample X-rayed. The
55
d is o rd e re d  n a tu re  was in d i c a t e d  by broadening o f  th e  c h a r a c t e r i s t i c  
peaks.
A r g i l l i c  a l t e r a t i o n  assemblages a r e  o f t e n  i n t e r n a l l y  zoned 
(Meyer and Hemley, 1967).  Such zoning i s  no t  r e a d i l y  d e t e c t a b l e  in the  
p ro sp e c t  a r e a .  Zoning i s  r e p re se n te d  by convers ion  of p l a g io c l a s e  
to  abundant  k a o l i n i t e  near the  p h y l l i c  c o n ta c t  and spar se  m o n tm or i l lon i te  
in the  o u t e r  p o r t i o n .  M ontmor i l lon i te  was i d e n t i f i e d  in only one of 
the  samples X-rayed. The c h a r a c t e r i s t i c  15 S peak expanded to  a lmost 
17 A upon g l y c o l a t i o n  and became 9 8  when hea ted  to  300°C f o r  one hour.
P y r i t e  i s  l e s s  common than in the  p h y l l i c  zone.  I t  i s  g e n e r a l l y  
ox id ized  to  l im o n i t e .  Quartz i s  common and i s  overgrown with  secondary 
q u a r t z .  Potassium f e l d s p a r  has been e x t e n s i v e l y  rep laced  by f i n e ­
gra ined  hydrothermal muscovite (F ig .  10).  B i o t i t e  i s  p r e s e n t ,  but not 
common. I t  i s  s l i g h t l y  a l t e r e d  to  c h l o r i t e  along c leavage .  No c a r ­
bonates  have been i d e n t i f i e d .
A l t e r a t i o n  becomes weaker away from th e  q u a r t z  ve in .  The a r g i l l i c  
zone g r a d e s ,  r a t h e r  a b r u p t l y ,  i n t o  f r e s h  b i o t i t e  g r a n o d i o r i t e  over  a 
few c e n t i m e te r s  (Fig .  9 ) .  The a r g i l l i c  zone has a heavy l im on i te  
s t a i n i n g ,  t h a t  a l s o  decreases  away from the  v e in .  This s t a i n  occurs  
in a p a t t e r n  s i m i l a r  to  d i f f u s i o n  banding, w i th  heavy redd ish  s t a i n  
a t  the  p h y l l i c  c o n t a c t ,  becoming l e s s  in t e n s e  toward f r e s h  rock. This 
d i f f u s i o n  away from the  p h y l l i c  zone may be th e  r e s u l t  o f  metasomatic 
f l u i d s  c a r r y in g  i ron  outward from the  p h y l l i c  zone where p y r i t e  i s  being 
o x id iz e d .  Conversely i t  may be a weather ing  a f f e c t  on h igher  con­
c e n t r a t i o n s  of  p y r i t e  near  the  v e in ,  becoming l e s s  outward.
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Hydrothermal a l t e r a t i o n  in  the  a r e a s  o f  the  weak stockwork r e ­
sembles th e  p h y l l i c  a l t e r a t i o n .  Hydrothermal muscovite i s  predominantly  
very c o a r se -g ra in e d  in these  a r e a s .  The a l t e r a t i o n  extends only a few 
cen t im e te r s  away from the  q u a r tz  pods,  with  f r e s h  b i o t i t e  g r a n o d i o r i t e  
between s t r i n g e r s  and pods. South o f  Pear Lake, where muscovi te  and 
q u a r t z -b e a r i n g  pods a r e  accompanied by a s i g n i f i c a n t  amount o f  e p i d o t e ,  
the  a l t e r a t i o n  vaguely resembles the  p r o p y l i t i c  assemblage.
I t  should be noted t h a t  the  zones o f  weak stockwork, and some q u a r t z  
v e in s ,  a r e  a t  the  same e l e v a t io n  in the  p ro sp e c t  a t e a .  Outcrops occur 
between 8800 and 9000 f e e t  in e l e v a t i o n .  Most crop out on th e  e a s t ­
ward fac in g  s lope  o f  a g l a c i a l  bench. Whether t h i s  i s  pu re ly  by a c c id e n t  
o r  not i s  s u b j e c t  to  s p e c u la t i o n .
North o f  Tub Lake a r e  two very small  zones o f  p r o p y l i t i c  a l t e r a t i o n .  
The mineral  assemblage does not f i t  t h a t  of  the  p r o p y l i t i c  zone,  as 
de sc r ibed  by Lowell and G u i lb e r t  (1970) ,  bu t  i s  c l o s e r  to  t h a t  assemblage 
than the  o t h e r s .  P r o p y l i t i c  a l t e r a t i o n  assemblages may vary accord ing  
to  hos t  rock composi t ion .  The a l t e r a t i o n  occurs  along small f r a c t u r e s  
and grades  outward i n to  f r e s h  wall rock.  Epidote i s  the  dominant m in e ra l ,  
ranging up to  95 p e r c e n t  o f  the  rock .  The remainder of  the  a l t e r a t i o n  
assemblage i s  composed o f  c h l o r i t e ,  q u a r t z ,  hem a t i t e ,  and r u t i l e .  There 
a r e  no a s s o c i a t e d  q u a r t z  v e in s .
Two s l i g h t l y  i r r e g u l a r  a l t e r a t i o n  zones near Chan Lake do not  
c l e a r l y  f i t  one o f  the  a l t e r a t i o n  assemblages .  They a re  composed p r e ­
dominantly o f  s e r i c i t e  and i ron  o x id e s ,  with  abundant q u a r t z .  The major 
d i f f e r e n c e  i s  the  high carbonate  c o n te n t .  C a l c i t e  i s  a primary
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hydrothermal a l t e r a t i o n  m in e ra l ,  makes up 15 to  20 pe rcen t  o f  the  a l ­
t e r e d  rock .
Hydrothermal a l t e r a t i o n  m ine ra ls  a l s o  occur  along th e  a l t e r e d  
f r a c t u r e s  ( P l a t e  1 ) .  From th e  f l a n k s  o f  Torrey Mountain,  to  the  Boot 
Lake a r e a ,  th e se  f r a c t u r e s  c a r r y  p y r i t e ,  s e r i c i t e ,  q u a r t z ,  o r  a combina­
t i o n  o f  any or  a l l  o f  th e se .  In th e  Anchor Lake a rea  and nor th  o f  Pear 
Lake th e  f r a c t u r e s  a r e  predominantly  p y r i t e  an d /o r  s e r i c i t e  f i l l e d .
Near Tub Lake and f u r t h e r  to  the  so u th ,  the  f r a c t u r e s  c a r r y  p y r i t e  only .  
West o f  Pear Lake, around Chan Lake and the  b re c c ia  zone,  th e  f r a c t u r e s  
c a r ry  smeared ep id o te  and m a g n e t i t e .  P y r i t e  in th e se  f r a c t u r e s  i s  h igh ly  
ox id ized  near  the  s u r f a c e .  In t h i n  s e c t io n  i t  i s  observed in  c lo s e  p r o x i ­
mity t o  b i o t i t e ,  sugges t ing  i ro n  may have been drawn from the  b i o t i t e  
to  form p y r i t e .
This  n o r t h e a s t - t r e n d i n g  zone of  a l t e r e d  i n c i p i e n t  f r a c t u r e s  can be 
t r a c e d  from Torrey Mountain to  Tent Mountain,  d i s ap p e a r in g  under cover 
in th e  so u th .  The f r a c t u r e  c o n to l l e d  a l t e r a t i o n  does no t  occur in  the  
high r i d g e s  to  the  extreme w es t ,  e a s t ,  or n o r th .
Secondary Minerals
Secondary minera ls  a r e  no t  wel1-developed in  the  p ro s p e c t  a r e a .  
C h a lco c i t e  and c o v e l l i t e  appear in small amounts in p o l i sh ed  s e c t i o n s  
from q u a r t z  ve ins  nor thwest of  Chan Lake. C o v e l l i t e  i s  most abundant of 
th e  two. I t  occurs  in c lo se  a s s o c i a t i o n  with  p y r i t e  and a l s o  i n t e r ­
grown with  and surrounding g a lena .  The c h a l c o c i t e  probably occurs  a t  
th e  expense of  c h a l c o p y r i t e ,  and c o v e l l i t e  a t  the  expense o f  c h a l c o c i t e .  
These secondary  minera ls  have an i r r e g u l a r  form and spongy t e x t u r e  due
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to  w ea the r ing .  The c h a l c o p y r i t e - p y r i t e - c h a l c o c i t e - c o v e n i t e  assemblage 
i s  not in  equ i l ib r iu m  (Taylor and Kullerud, 1969).
Oxidation
Oxidation minera ls  in th e  Birch Creek p ro sp ec t  area  a r e  ap p a ren t  
from t h e i r  ye llow to  brown s u r f a c e  coa t ing  on q u a r t z  veins and a l t e r a t i o n  
enve lopes .  Oxidat ion o f  p y r i t e  to  i ron  oxide  products  i s  q u i t e  ex­
t e n s io n  a t  the  s u r f a c e .  Fresh p y r i t e  e x i s t s  only in  the  i n t e r i o r s  o f  
massive  q u a r t z  ve ins .
The major o x ida t ion  p roduct  i s  s o f t ,  ear th -brown,  g o e t h i t e .  The 
g o e t h i t e  i s  de r ived  from th e  d is sem ina ted  s u l f i d e s  and p r e c i p i t a t e d  as 
ind igenous ,  f r i n g i n g ,  and e x o t i c  products  (Blanchard ,  1968).  G oe th i te  
a l s o  occurs  as a c r u s ty  co a t in g  on the  su r fa ce s  o f  j o i n t s  and f r a c t u r e s .  
Wilson (1965) s t a t e s  t h a t  a h ighe r  l u s t e r  g o e t h i t e ,  co n ta in ing  up to 
7 p e rc e n t  molybdenum, has been re p o r te d  in some molybdeni te  d e p o s i t s .
Another common o x id a t io n  product i s  h em at i te .  Most g ra in s  a r e  s o f t  
and re d .  High l u s t e r  s p e c u la r  hemat i te  i s  common e a s t  o f  Pear Lake. 
S pecu lar  hemat i te  i s  a common hypogene mineral  with  unknown s i g n i f i ­
cance (G i les  and Thompson, 1972).
J a r o s i t e  occurs in  i n t im a te  mixtures  with  g o e t h i t e  and h e m at i te .
I t  i s  a l i g h t  yel low to  y e l lo w ish  green m in e ra l ,  forming a t h i n  co a t in g  
on most q u a r t z  v e in s .  Sub-equal amounts of re s in o u s  p i t c h - l i m o n i t e  a l so  
occur in  the  l a rg e  o x id a t io n  zones.
Massive and f ib e ro u s  m a la ch i t e  occurs as c o a t in g s  on qu a r tz  ve ins  
where c h a l c o p y r i t e  and seconary  copper m ine ra ls  occur .  I t  a l s o  occurs  
s p r in k l e d  through the  ca rbona te  bear ing  a l t e r a t i o n  zones.  M alach i te
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and a minor amount o f  z u r i t e  have developed,  to  a g r e a t e r  e x t e n t ,  in 
the  small c h a l c o p y r i t e - b e a r i n g  q u a r t z  ve ins  on Tent Mountain.
F e r r im o ly b d i t e  forms abundant co a t in g s  along f r a c t u r e s  in  molyb­
d e n i t e - b e a r i n g  v e in s .  The minera l  occurs  as a f i n e - g r a i n e d ,  canary  
ye l low to  s t raw  ye l low ,  e a r t h y ,  o x id a t io n  p roduc t .  Ind iv idua l  g r a in s  
a r e  m ic roscop ic ,  o f t e n  accumulating to  form t h i n  c r u s t s .  The abundance 
and u b iq u i to u s  d i s t r i b u t i o n  o f  th e  f e r r i m o ly b d i t e  i s  somewhat s u r p r i s i n g ,  
c o n s id e r in g  the  sp a r se  s c a t t e r i n g  o f  molybdenite and the  f a c t  t h a t ,  a c ­
cording to  Blanchard (1968) ,  molybdenite does no t  o x id iz e  r e a d i l y .
G e n e ra l ly ,  molybdenite  and p y r i t e  c o e x i s t  where o x id a t io n  has not 
occu r red .  According to  Carpen te r  (1968),  f e r r i m o ly b d i t e  occurs  below the  
su r fa ce  in  low pH environments .  Molybdenite and p y r i t e  occur  in even 
lower pH env i ronm ents ,  below th e  water t a b l e .  A pparen t ly ,  f e r r i m o l y b d i t e  is  
most s t a b l e  a t  a pH of  3 .2 ,  d i s s o lv i n g  a t  a lower pH and decomposing in 
a l k a l i n e  environments  (F ig .  11).  As a r e s u l t ,  molybdenum i s  leached from 
veins  where th e  pH i s  between 1.0  to  1 .5  and p r e c i p i t a t e d  in f r a c t u r e s  
where pH v a r i e s  from 1.5  to  3 .2 .  Oxidation may t a k e  p lace  up to  a pH 
of  6 .2 .  Carpen te r  (1968) s t a t e s  the  ac id  molybdate i ron  and excess  
f e r r i c  i ro n  from o x id a t io n  o f  p y r i t e  and m olybdeni te ,  combine to  form 
f e r r i m o l y b d i t e .  This  reasoning  would seem to  ex p la in  th e  h igh ly  o x i ­
dized n a tu re  o f  th e  molybdenite .
Oxida t ion  o f  s u l f i d e s  i s  very  in te n s e  in  some case s .  In s ev e ra l  
a reas  q u a r t z  has been conver ted  to  what Blanchard (1968) r e f e r s  to  as 
c e l l u l a r  sponge. The sponge i s  composed o f  a mix ture  o f  s i l i c a  and 
l im o n i t e .  A f l u c t u a t i o n  of  Eh and pH c o n d i t io n s  between a c id  and
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a l k a l i n e  i s  r e q u i r e d  to  produce such a sponge, s ince  s u l f i d e s  a r e  
ox id ized  under a c id  co n d i t io n s  (F ig .  13) and s i l i c a  (q u a r tz )  i s  s o lu b le  
in a l k a l i n e  c o n d i t i o n s  (Krauskopf,  1967).  Blanchard (1968) e x p la in s  
t h i s  through f l u c t u a t i n g  groundwater l e v e l s .  Below the w a te r  t a b l e ,  
groundwater tends  to  be a l k a l i n e ,  t h u s ,  d i s so lv i n g  s i l i c a .  Descending 
ac id  s o l u t i o n s ,  c a r r y in g  i r o n ,  a r e  n e u t r a l i z e d  by th e  a l k a l i n e  s o l u t i o n  
and g e o t h i t e  i s  p r e c i p i t a t e d .  As th e  water  t a b l e  drops ,  c o n d i t i o n s  
become more a c i d i c ,  w i th  in c reased  o x id a t io n  o f  s u l f i d e s ,  and th e  s i l i c a  
i s  r e p r e c i p i t a t e d .  The r e s u l t  i s  a c e l l u l a r  sponge of s i l i c a  and 
l i m o n i t e .  The p roce ss  i s  a slow one and i s  g r e a t l y  dependent on annual 
p r e c i p i t a t i o n  and w ater  t a b l e  f l u c t u a t i o n s .  Completion o f  t h i s  process  
i s  r a r e ,  which i s  why massive qu a r tz  remains in  most c a se s .  This 
p rocess  may a l s o  be a f f e c t e d  by the  f a c t  t h a t  p y r i t e  may o x id i z e  under 
a l k a l i n e  c o n d i t io n s  a l s o  (F ig .  13).
Mineral  Zoning
Mineral  zoning i s  ev id en t  in the  p ro sp ec t  a r e a .  The most ev id en t  
zoning e x i s t s  in th e  n o r t h e a s t  t ren d in g  a l t e r e d  i n c i p i e n t  f r a c t u r e  n e t ­
work. From Torrey Mountain to  Boot Lake, any combination o f  q u a r t z ,  
s e r i c i t e ,  o r  p y r i t e  occupy the  f r a c t u r e s .  In the  Anchor and Pear Lake 
a r e a s  th e  f r a c t u r e s  a r e  predominantly  p y r i t e  and /o r  s e r i c i t e  f i l l e d .  In 
t h e  Tub Lake a r e a ,  and f a r t h e r  to  th e  so u th ,  the  f r a c t u r e s  a r e  a lmos t  
t o t a l l y  f i l l e d  w i th  p y r i t e .  To the  west o f  Pear Lake, e p id o te  and mag­
n e t i t e  occur in th e  f r a c t u r e s .  Epidote  i s  a l s o  common sou th  o f  Pear 
Lake, with  some p y r i t e .  A p rog res s ion  of  hydrothermal m in e ra l s  i s  r e p r e ­
sen ted  in t h i s  n o r t h e a s t  t r e n d in g  zone (F ig .  14).
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M eta l l i c  mineral  zoning i s  no t  as e v i d e n t .  Molybdenite m i n e r a l i ­
z a t i o n ,  wi th  no accompanying m e t a l l i c  m in e ra l s ,  i s  conf ined  to  the  
i n t e r i o r  o f  th e  c i rq u e  f l o o r  (F ig .  15).  Copper and lead m i n e r a l i z a t i o n ,  
with  minor molybdeni te ,  i s  confined to  th e  q u a r t z  ve ins  on the  w a l l s  
o f  the  c i rq u e .  This  zoning roughly fo llows the  sequence o f  metal 
t r a n s p o r t  in  hydrothermal  s o lu t io n s  porposed by Barnes (1962) and Barnes 
and Czmanske (1967) .  In t h a t  sequence,  molybdenum ( in  approx imate ly  the 
same p o s i t i o n  as t i n )  p r e c i p i t a t e s  e a r l y  in  the  m in e r a l i z a t i o n  p ro cess .  
This p r e c i p i t a t i o n  occurs because o f  th e  u n s ta b l e  na tu re  o f  the  
molybdenum complex in the t r a n s p o r t i n g  medium. Copper and le ad  a re  more 
s t a b l e  in the  t r a n s p o r t i n g  f l u i d .  T h e re fo re ,  they a re  c a r r i e d  f a r t h e r  
be fo re  being  p r e c i p i t a t e d .  Thus, molybdeni te  occurs  in the  c e n t e r  o f  
the  c i rq u e  and c o p p e r - le ad  in the  o u t e r  w a l l s  assuming an outward flow.
According to  Carpen ter  (1968) and S o reg a ro l i  (1968) ,  the  molybdenite 
may be accompanied by magnet i te  and the  a l t e r a t i o n  mineral  assemblages .  
P y r i t e  and o t h e r  s u l f i d e s  may be d e p o s i t ed  contemporaneously,  w i th  th e  
copper and l e ad  minera ls  l a t e r .  Quartz i s  the  e a r l i e s t  gangue m ine ra l .
I t  i s  a s s o c i a t e d  w i th  the e a r l y  molybdeni te  and a l t e r a t i o n  assemblages ,  
a l though i t  may occu r  th roughout  the  m in e r a l i z in g  sequence.
Molybdenum m in e r a l i z a t i o n  may occur n e a r  th e  c e n t r a l  p a r t  o f  the  
m in e ra l iz ed  a re a  because o f  i t s  high a f f i n i t y  f o r  s u l f u r  (Enzmann, 1972).  
During p r e c i p i t a t i o n  o f  hydrothermal m in e ra l s ,  o t h e r  s u l f i d e s  w i l l  form 
only a f t e r  a l l  molybdenum has combined w i th  s u l f u r  to form molybdenite .
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A v e r t i c a l  zoning a l so  occurs  as a r e s u l t  o f  these  f a c t o r s .
Copper and le ad  minera ls  occur in  the  h ighe r  e l e v a t io n s  r e l a t i v e  to 
molybdenite .  Probably the  most impor tan t  f a c t o r  l i m i t i n g  v e r t i c a l  
and h o r iz o n ta l  zonat ion  o f  minera ls  in the  Birch Creek p ro s p e c t  i s  the  
reg iona l  s t r u c t u r a l  f a b r i c .
Discussion
The p rocesses  t h a t  form the  type o f  hypogene m in e r a l i z a t i o n  and
hydrothermal a l t e r a t i o n  a t  th e  Birch Creek d e p o s i t  a re  b e l i e v e d  to  have
0
occur red  a t  tem pera tu res  around 350 to  500 C. According to  Drummond 
and Kimura (1969) ,  the  lack o f  a p r o p y l i t i c  a l t e r a t i o n  assemblage 
sugges ts  maximum temperatures  were l e s s  than 350°C. Roy and Osborne 
(1954) s t a t e  t h a t  the  predominance o f  k a o l i n i t e ,  such as t h a t  found in 
the  a r g i l l i c  envelope ,  sugges ts  a tempera ture  o f  fo rmation  below 400°C, 
which tends  t o  su ppor t  the  s ta t em en t  by Drummond and Kimura.
The a v a i l a b i l i t y  o f  an e x ten s iv e  aqueous phase fo r  t r a n s p o r t  o f  
minera ls  and metasomatism may a l s o  have been a l i m i t i n g  f a c t o r  a t  
Birch Creek. Without a v o lu m e t r i c a l ly  adequate  aqueous phase ,  from the 
i n t r u s i v e  o r  some c i r c u l a t i o n  o f  meteoric  w a te r s ,  n e i t h e r  c o n c e n t r a t io n  
nor t r a n s p o r t  o f  metals  and hydrothermal minera ls  can occu r  (Burnham,
1967; Sheppard e t  a l . ,  1971; Holland, 1972). A pparen t ly ,  w i th o u t  the  
p roper  c o n d i t i o n s  o f  temperature  and p re s su re  during hydrogen meta­
somatism, n e i t h e r  a l t e r a t i o n  nor m in e r a l i z a t i o n  can proceed  to  economically  
i n t e r e s t i n g  l e v e l s .
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Molybdenite,  p y r i t e ,  copper  and lead s u l f i d e s  and ox ides  probably  
accompanied the  l a t e ,  s i l i c a  r i c h ,  aqueous phase t h a t  was l o c a l i z e d  
along f r a c t u r e s  and pockets  o f  weak stockwork. According to  G i le s  
and Thompson (1972) ,  th e  low molybdenite con ten t  in  the  minera l  
assemblage sugges t s  a moderate to  low amount o f  molybdenum a v a i l a b l e  
to  the  s o l u t i o n s  from the  source  m el t .  The f a i r l y  high pe rcen tage  of 
p y r i t e  in comparison to  o th e r  s u l f i d e s  in t h e  p rospec t  a rea  shou ld ,  
t h e r e f o r e ,  sugges t  a system with  excess s u l f u r  and i r o n .
I t  would appear  t h a t  th e  va r ied  and h igh ly  lo c a l i z e d  n a tu re  o f  the  
hydrothermal a l t e r a t i o n  and q u a r tz  ve ins  may be a r e s u l t  o f  a p o o r ly -  
f r a c t i o n a t e d  hydrothermal system,  with  l im i t e d  c i r c u l a t i o n .  Perhaps 
hydrothermal p rocess  had l i t t l e  o r  no t ime to  o p e ra te  and c o n c e n t r a te  
the  molybdenite  e f f e c t i v e l y .  This may be th e  most im por tan t  reason  
f o r  the  small q u a n t i t y  of  molybdenite in  th e  m ine ra l iz ed  a r e a s .  The 
pr im ary ,  s t e e p l y  d ip p in g ,  n o r t h e a s t  t r e n d in g  j o i n t  system served  as the  
l o c a l i z i n g  co n t ro l  f o r  the  hydrothermal f l u i d s  and subsequent minera l  
d e p o s i t io n  t h a t  occu r red .
In t h i s  s tudy  i t  has no t  been p o s s ib le  to  draw a c l e a r  d i s t i n c t i o n  
between Pioneer  magmatism and a s l i g h t l y  l a t e r  episode o f  molybdenum 
m i n e r a l i z a t i o n  and a l t e r a t i o n  t h a t  a f f e c t e d  the  b i o t i t e  g r a n o d i o r i t e .
The f i e l d ,  m i n e r a l o g i c a l , and age r e l a t i o n s h i p s  show t h a t  m i n e r a l i z a t i o n  
occurs  l a r g e l y  w i th in  the  framework of  l a t e  Pioneer magmatic a c t i v i t y  
and c oo l ing .
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Age r e l a t i o n s h i p s  between the  q u a r t z - f e l d s p a r  porphyry,  hydro- 
thermal minera l  assemblages ,  and q u a r tz  ve ins  j u s t i f y  a c e r t a i n  amount 
o f  s p e c u la t i o n  rega rd ing  t h e i r  a s s o c i a t i o n .  There is  a s t r o n g  p o s s i ­
b i l i t y  the  i n t r u s i v e  b recc ia  i s  a l s o  c l o s e l y  r e l a t e d .  Gilmour (1977) 
i n s i s t s  such an i n t r u s i v e  b recc ia  i n d i c a t e s  the  e x i s t e n c e  o f  a bur ied  
i n t r u s i o n .  I f  t h e  q u a r t z - f e l d s p a r  porphyry i s  ano ther  e x p re s s io n  of 
t h a t  bu r ied  i n t r u s i o n ,  then age r e l a t i o n s h i p s  may i n d i c a t e  th e  m i n e r a l i ­
z a t i o n  i s  r e l a t e d  to  the  prophyry r a t h e r  than  the  b i o t i t e  g r a n o d i o r i t e .  
Lack of  m i n e r a l i z a t i o n  a s s o c ia te d  with  the  porphyry i s  a major problem 
with  t h i s  t h e o ry .
Many i n t r u s i v e  b recc ia  pipes  have economic m i n e r a l i z a t i o n  a s s o c i a t e d  
with  them. The n a tu re  o f  s i n g l e  b recc ia  p ipes  has been s t u d i e d  (Wallace 
e t  a l . ,  1968a; Wallace e t  a l . ,  1968b; White and Mackenzie,  1973; 
and S o r e g a r o l i ,  1975) and as a r e s u l t  they  a r e  a c t i v e l y  sough t  as 
p o s s ib l e  gu ides  to  commercial molybdenum d e p o s i t s .
Bryner (1961) has div ided  i n t r u s i v e  b re c c ia s  i n to  two g roups ,  
prehydrothermal and cohydro thermal . He s t a t e s  t h a t  a g r e a t  p ro p o r t io n  
o f  the  cohydrothermal  pipes a r e  l i k e l y  to  be m in e ra l i z e d .  From the  
r e l a t i o n s h i p s  observed ,  i t  would appear t h a t  th e  Birch Creek b re c c i a  
i s  of  th e  cohydrothermal v a r i e t y .  On the  b a s i s  of  B ry n e r ' s  s t a t e m e n t ,  
t h i s  b r e c c i a  p ipe  would have a b e t t e r  chance o f  being m i n e r a l i z e d  than 
a prehydro thermal one.  That m i n e r a l i z a t i o n ,  i f  i t  e x i s t s ,  i s  be­
neath the  s u r f a c e .
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Kents (1961) sugges ts  ano ther  reason f o r  the  lack  o f  a p p r e c i a b l e  
m i n e r a l i z a t i o n  r e l a t e d  to  the  fo rmation  o f  the  i n t r u s i v e  b r e c c i a .
He sugges ts  t h a t  w i th in  a sem i-c losed  system, near ly  a l l  th e  s u l f i d e s  
may be expected  to  p r e c i p i t a t e  w i th in  t h a t  system. In an open sys tem, 
the  r i s i n g  f l u i d s  may escape .  As a r e s u l t ,  s u l f i d e s  do no t  p r e c i p i t a t e
in  e i t h e r  th e  i n t r u s i o n  o r  the  b recc ia  sequence.  In t h i s  c a se  th e
b ur ied  i n t r u s i o n  may have ven ted ,  lo s in g  i t s  m in e ra l i z in g  f l u i d s  
through the  i n t r u s i v e  b r e c c i a .  Perhaps the  m in e ra l -b e a r in g  q u a r t z  
v e ins  were d e p o s i t ed  be fore  v e n t in g ,  as p re s su re  was b u i l d i n g .  Con­
v e r s e l y  q u a r t z  ve ins  may have been p r e c i p i t a t e d  a f t e r  the  v e n t i n g ,  
when the  p ipe  was r e s e a l e d ,  remaining f l u i d s  moving upward a long j o i n t s  
as a r e s u l t  o f  renewed p r e s s u r e s .  These sp ec u la t io n s  depend upon a 
bu r ied  i n t r u s i o n  or  a t  l e a s t  a phase o f  the  b i o t i t e  g r a n o d i o r i t e  in 
th e  l a t e s t  s t a g e s  o f  c r y s t a l l i z a t i o n .
The s im p le s t  exp lana t ion  f o r  th e  m in e r a l i z a t i o n  i s  t h a t  i t  i s  a
r e s u l t  o f  l a t e - s t a g e  poor ly  f r a c t i o n a t e d  f l u i d s  r e l a t e d  to  t h e  b i o t i t e  
g r a n o d i o r i t e .  The reasons  f o r  s p a r se  molybdenite  m i n e r a l i z a t i o n  in  
t h i s  case  have a l r e a d y  been proposed. Perhaps g l a c i a l  a c t i v i t y  has un­
covered only the  top o f  t h a t  m i n e r a l i z a t i o n .  Many economic minera l  
d e p o s i t s  have been d iscovered  where only  a few quar tz  ve ins  c rop ou t  
a t  the  s u r f a c e .  Lowell and G u i lb e r t  (1970) have concluded t h a t  l a r g e  
q u a r t z  ve ins  a r e  commonly s t r u c t u r a l l y  high in  the  hydro therm al ly  
a l t e r e d  body of  rock.  Another p o s s i b i l i t y  i s  t h a t  the  g l a c i a l  a c t i v i t y  
has uncovered the  only  m in e r a l i z a t i o n  in  the  p rospec t  a r e a .
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The reason f o r  the  b e l t  o f  hydrothermal a l t e r a t i o n  zones and 
q u a r t z  v e i n s ,  between 8800 and 9000 f e e t ,  i s  unknown. The f a c t  t h a t  
t h i s  b e l t  l i e s  along the  face  o f  one of  th e  g l a c i a l l y  carved benches 
may be s i g n i f i c a n t .  This bench may r e p r e s e n t  a s t r u c t u r a l l y  weak 
a rea  t h a t  al lowed movement o f  hydrothermal f l u i d s  and was l a t e r  
s u s c e p t i b l e  t o  g l a c i a l  a c t i o n .  Perhaps th e  l e v e l  o f  e ros ion  i s  
f a v o ra b le  f o r  o b se rv a t io n  of  the  hydrothermal  a l t e r a t i o n .  I t  should 
be noted t h a t  many of  th e  q u a r t z - f e l d s p a r  porphyry masses ou tc rop  a t  
t h i s  l e v e l ,  o r  a t  l e a s t  c lo se  to  i t ,  i n c r e a s i n g  the  p o s s i b i l i t y  o f  a 
s t r u c t u r a l l y  weak zone.
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